
Answer 3:

Animal expts. have shown that short blocking of thymidine (dThd) synthesis with fluorodeoxyuridine (FdUrd) results in significantly 
increased DNA incorporation of [125I]iododeoxyuridine ([125I]IdUrd) in tumor and rapidly cycling tissues.  Based on these results, we 
give an Auger and gamma radiation dosimetry est. for a scintigraphy study in glioblastoma patients using [123I]IdUrd.  The Auger 
radiation dosimetry calcd. for patients is based on measurement of DNA-incorporated [125I]IdUrd in rapidly dividing tissues in nude 
mice xenografted with human glioblastoma.  Further data obtained 0.5, 6 and 24 h after injection of [125I]IdUrd allowed calcn. of the 
addnl. gamma radiation exposure using MIRDOSE3.1.  High gradients of radioactivity concn. between dividing and non-dividing tissues 
were obsd. 6 and 24 h after injection of [125I]IdUrd combined with FdUrd pretreatment.  While the estd. Auger radiation absorbed doses 
of [123I]IdUrd in six rapidly cycling normal tissues in patients are low, the equiv. doses become significant with application of the 
recommended preliminary radiation weighting factor (WR) of 20 for stochastic effects of DNA-assocd. Auger radiation.  Using the 
latter WR, extrapolation of the animal results to the proposed patient injection with 300 MBq [123I]IdUrd combined with FdUrd 
pretreatment indicates that the ED will be 5.42 mSv, including 1.67 mSv from Auger and 3.75 mSv from gamma radiation.  The 
predicted Auger radiation ED for patients undergoing [123I]IdUrd scintigraphy will be significant if the enhancement of DNA 
incorporation that is achieved by means of FdUrd pretreatment is similar to that obtained in animals.
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Drug resistance is a major cause of treatment failure in cancer chemotherapy, including that with the extensively prescribed 
antimetabolite, 5-fluorouracil (5-FU).  In this study, we tried to reverse 5-FU resistance by using a double-punch strategy: combining 
5-FU with a biochem. modulator to improve its tumoral activation and encapsulating both these agents in one same stealth liposome.  
Expts. carried out in the highly resistant, canonical SW620 human colorectal model showed a up to 80% sensitization to 5-FU when 
these cells were treated with our liposomal formulation.  Results with this formulation demonstrated 30% higher tumoral drug uptake, 
better activation with increased active metabolites including crit.-5-fluoro-2-deoxyuridine-5-monophosphate, superior inhibition (98%) of 
tumor thymidylate synthase, and subsequently, higher induction of both early and late apoptosis.  Drug monitoring showed that higher 
and sustained exposure was achieved in rats treated with liposomal formulation.  When examd. in a xenograft animal model, our 
dual-agent liposomal formulation caused a 74% redn. in tumor size with a mean doubling in survival time, whereas std. 5-FU failed to 
exhibit significant antiproliferative activity as well as to increase the lifespan of tumor-bearing mice.  Taken collectively, our data 
suggest that resistance to 5-FU can be overcome through a better control of its intratumoral activation and the use of an encapsulated 
formulation.  Published online 11 Sept. 2007.
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The effect of co-administration of 5-(phenylselenenyl)acyclouridine (PSAU), a new uridine phosphorylase (UrdPase, EC 2.4.2.3) 
inhibitor, on the efficacy of 5-fluoro-2'-deoxyuridine (FdUrd) was tested against murine colon C26-10 tumor xenografts.  In contrast to 
our previous results with human tumors, co-administration of PSAU with FdUrd decreased instead of increasing the efficacy of FdUrd 
against tumor growth.  However, co-administration of PSAU with FdUrd (300 mg/kg/day) protected the mice completely from the 83% 
mortality induced by the same dose of FdUrd alone.  Enzyme studies indicated that UrdPase in colon C26-10 tumors is responsible for 
the catabolism of FdUrd to 5-fluorouracil (FUra), as colon C26-10 tumors do not have thymidine phosphorylase (dThdPase, EC 
2.4.2.4).  In contrast, colon C26-10 tumors had extraordinarily high UrdPase activity (300 μmol/min/mg protein), which was at least 
200-fold higher than the highest UrdPase activity in any of the human xenografts we tested previously.  Furthermore, the activities of 
UrdPase and orotate phosphoribosyltransferase (OPRTase, EC 2.4.2.10) were 192- and 2-fold higher, resp., while that of dihydrouracil 
dehydrogenase (EC 1.3.1.2) was 1000-fold lower in the tumor than in the host liver.  It is suggested that FdUrd exerts its anticancer 
effects against colon C26-10 tumors mainly through the catabolism of FdUrd to FUra by UrdPase, which then could be anabolized to 
5-fluorouridine 5'-monophosphate (FUMP) by OPRTase and ultimately to other toxic 5-fluorouridine nucleotides, hence inducing the 
obsd. FdUrd toxic effects.  Co-administration of PSAU with FdUrd inhibited UrdPase and the catabolism of FdUrd to FUra.  This would 
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Use of radiolabeled nucleotides for tumor imaging is hampered by rapid in vivo degrdn. and low DNA-incorporation rates.  We 
evaluated whether blocking of thymidine (dThd) synthesis by 5-fluoro-2'-deoxyuridine (FdUrd) could improve scintigraphy with 
radio-dThd analogs, such as 5-iodo-2'-deoxyuridine (IdUrd).  We first show in vitro that coincubation with FdUrd substantially increased 
incorporation of [125I]IdUrd and [3H]dThd in the three tested human glioblastoma lines.  Flow cytometry anal. showed that a short 
coincubation with FdUrd (1 h) produces a signal increase per labeled cell.  We then measured biodistribution 24 h after i.v. injection of 
[125I]IdUrd in nude mice s.c. xenografted with the three glioblastoma lines.  Compared with animals given [125I]IdUrd alone, i.v. 
preadministration for 1 h of 10 mg/kg FdUrd increased the uptake of [125I]IdUrd in the three tumors 4.8-6.8-fold.  Compatible with 
previous reports, there were no side effects in mice obsd. for 2 mo after receiving such a treatment.  The tumor uptake of [125I]IdUrd 
was increased ≤13.6-fold when FdUrd preadministration was stepwise reduced to 1.1 mg/kg.  Uptake increases remained lower 
(between 1.7- and 5.8-fold) in normal proliferating tissues (i.e., bone marrow, spleen, and intestine) and negligible in quiescent tissues.  
DNA extn. showed that 72-80% of radioactivity in tumor and intestine was bound to DNA.  Scintigraphy of xenografted mice was 
performed at different times after i.v. injection of 3.7 MBq [125I]IdUrd.  Tumor detection was significantly improved after FdUrd 
preadministration while still equivocal after 24 h in mice given [125I]IdUrd alone.  Furthermore, background activity could be greatly 
reduced by p.o. administration of KClO4 in addn. to potassium iodide.  We conclude that FdUrd preadministration may improve 
positron or single photon emission tomog. with cell division tracers, such as radio-IdUrd and possibly other dThd analogs.
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Treosulfan (L-threitol-1,4-bismethanesulfonate, Ovastat) was tested on human renal tumor cells growing as xenografts in athymic nude 
mice and as monolayers in vitro, in comparison with clin. used cytostatic drugs (in vivo, cyclophosphamide, vinblastine, and 
5-fluorouracil; in vitro, vinblastine and 5-fluoro-2'-deoxyuridine) which were administered at equitoxic or equiv. dose levels, resp.  Four 
human renal tumor xenografts (N-U 2, N-U 26, MRI-H 121, KTCTL-1M) were investigated in vivo, and seven renal tumor cell lines 
(KTCTL-1M, KTCTL-2, KTCTL-26A, KTCTL-30, KTCTL-84, MRI-H 121, N-U 2) under in vitro conditions.  The investigations of the four 
human renal tumor xenografts revealed that treosulfan is capable of inducing pronounced growth inhibitions ranging from 60-100% in 
comparison with untreated control tumors.  In the xenografted renal-cell carcinoma KTCTL-1M, treosulfan administered at the highest 
dose level (1 × 3500 mg/kg) even effected a complete remission lasting for more than three weeks in all animals treated with this dose.  
It was more effective in the N-U 2 carcinoma growing in vivo than the comparative compds. cyclophosphamide and vinblastine.  In 
the heterotransplanted renal-cell carcinoma N-U 26, treosulfan showed a similar activity as the two established cytostatic drugs tested 
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To overcome the physiol. barrier in solid tumors (i.e., tumor hypertension), a large vol. of material is required via an intratumoral 
injection.  Alternatively, a method of redn. in tumor hypertension is also feasible.  In this study, we focused on the physiol. response 
after an intratumoral infusion of various therapeutic agents.  Tumor interstitial fluid pressure (TIFP) was intermittently monitored for up 
to 7 days after treatment using AsPC-1 human pancreatic tumors in nude mice.  Macroaggregated albumin (MAA), colloidal chromic 
32P (32P-CP), albumin, dexamethasone, 5-fluoro-2'-deoxyuridine, dextrose, saline, and trypan blue increased TIFP within .apprx.5 min, 
and TIFP returned to the original level within 1 h, except in the case of MAA and 32P-CP.  We also found that the maximal uptake for 
AsPC-1 tumors in both the exponential and plateau growth phases occurred at .apprx.100 min postincubation; the max. value in the 
exponential growth phase was .apprx.2 times less than that of plateau growth phase (P < 0.01).  Therefore, this study supports 
intralesional 32P-CP brachytherapy for nonresectional pancreatic cancer patients.  This may offer a promising treatment modality for 
delivering high doses of tumor-selective radiation, mainly due to two physiol. mechanisms: (a) the high adherence of 32P-CP to the 
infused regions; and (b) redn. in either tumor blood flow or TIFP by this therapeutic colloid.
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 These results clearly demonstrate that the anticancer efficacy of the combination of UrdPase inhibitors and FdUrd is not 
general and is dependent largely on the type of tumor under treatment and the mode of FdUrd metab. in these tumors.

result in the obsd. redn. of the antitumor efficacy of FdUrd.  In addn., the increase in plasma uridine concn. induced by PSAU as well 
as the catabolism of FUra by the high dihydrouracil dehydrogenase activity in the liver also may have circumvented any residual 
FUra toxic effects against the host.
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 These results suggest that the therapeutic injectable gel chemotherapy, when given intratumorally, may improve tumor 
response with less systemic toxicity in comparison with conventional systemic chemotherapy.

This study provides the first evidence that treatment of human pancreatic adenocarcinoma is markedly improved by the intratumoral 
administration of chemotherapeutic agents in a novel drug delivery system.  The effect of chemotherapeutic agents delivered in a 
sustained-release, protein-based, injectable gel was evaluated on the growth of human pancreatic adenocarcinoma cell line, BxPC-3.  In 
vitro chemosensitivity of BxPC-3 cells exposed for 24 or 72 h to fluorouracil (0.01-5 mM), cisplatin or doxorubicin (0.1-50 μM) and 
floxuridine, vinblastine, mitomycin or paclitaxel (1.0-100 μM) was compared with that of untreated cells.  In vitro chemosensitivity was 
also studied with fluorouracil and mitomycin in the poorly differentiated PANC-1, human pancreatic cancer cell line.  Survival was detd. 
after 7-10 days.  All drugs decreased cell growth in a dose dependent fashion.  The efficacy of fluorouracil, cisplatin and doxorubicin 
increased with prolonged exposure, rendering these drugs most appropriate for a sustained-release prepn.  For in vivo studies, athymic 
nude mice bearing BxPC-3 xenografts were treated either with fluorouracil, cisplatin or doxorubicin in the therapeutic injectable gel 
contg. epinephrine or with vehicle alone administered intratumorally on days 1 and 4.  After 28 days, the mice were sacrificed and 
tumors dissected and weighed.  Tumors in mice treated with the injectable gel decreased in size by 72-79% compared with tumors in 
untreated controls and tumors treated with vehicle alone.  Intratumoral injection of drug soln. and i.p. injection of drug in the injectable 
gel did not change tumor size compared with controls.  In a drug-retention study, mice were injected intratumorally with [3H]fluorouracil 
either in the injectable gel or in soln.  Sustained radioactivity was obsd. in tumors injected with the gel, and, conversely, greater 
radioactivity was detected in the liver and kidneys in mice receiving the radiolabeled soln.
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inducing growth inhibition and to the IC50 values, whereas vinblastine was more effective than treosulfan in most of the 
human renal tumor cell monolayers investigated.  These results reveal the remarkable antitumor efficacy of treosulfan 
toward human renal-cell carcinomas, esp. under in vivo conditions.  This activity was similarly high or even better than in 
cyclophosphamide and vinblastine.  The in vitro data obtained in monolayer cultures also confirmed the remarkable 
antiproliferative activity of treosulfan in renal tumor cells, but did not mirror very well the pattern of antitumor activity 
obsd. in vivo.

whereas, in the renal sarcoma MRI-H 121, both cyclophosphamide and vinblastine were slightly more effective than treosulfan.  In 
four renal-cell carcinomas growing as monolayers in vitro (KTCTL-1M, KTCTL-2, KTCTL-84, N-U 2), treosulfan induced cell growth 
inhibitions by about 50% at peak plasma concn. in comparison with untreated control cultures.  The IC50 values ranged from 5 × 10-6 
to 10-4 mol/L in all seven monolayer cultures investigated.  5-Fluoro-2'-deoxyuridine (floxuridine) was similarly active in vitro as 
treosulfan with respect to the molar concns.
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The relative influence of duration of exposure, concn., and modulation by fluorodeoxyuridines (FdUrd) on the incorporation of 
5-bromo-2-deoxyuridine (BrdUrd) into DNA of a human malignant glioma line (D-54) in vitro and in vivo was studied.  In in vitro studies, 
an established human malignant glioma line (D-54) was exposed to a clin. achievable concn. of BrdUrd to model i.v. (1 μM BrdUrd) and 
intraarterial (4 μM BrdUrd) conditions.  The influence of modulation was assessed using 1 nM FdUrd.  Incorporation of BrdUrd, 
radiosensitization, and cytotoxicity were detd. after 24, 72, and 120 h drug exposures.  In in vivo studies, nude mice bearing D-54 
xenografts were infused with BrdUrd at 100 mg/kg/day for 7 and 14 days or BrdUrd at 400 mg/kg/day for 5 days.  The influence of 
modulation was assessed by combining 100 mg/kg/day of BrdUrd with 0.1, 0.3, and 1 mg/kg/day FdUrd for 7 days.  Incorporation of 
BrdUrd into the DNA of tumor, gut, and marrow were detd.  In vitro, thymidine replacement and radiosensitization were a function of 
concn., and incorporation began to plateau after 2 to 3 population doublings.  Modulation with 1 nM FdUrd significantly increased 
incorporation.  Radiosensitization was a linear function of thymidine replacement under all conditions tested.  In vivo, infusion with 400 

 
Abstract
 

Bromodeoxyuridine-mediated radiosensitization in human glioma: the effect of concentration, duration, and 
fluoropyrimidine modulation.     McLaughlin, Patrick W.; Lawrence, Theodore S.; Seabury, Heather; Nguyen, Nguyen; Stetson, 
Phillip L.; Greenberg, Harry S.; Mancini, William R.    Medical Center,  University of Michigan,  Ann Arbor,  MI,  USA.    International 
Journal of Radiation Oncology, Biology, Physics  (1994),  30(3),  601-7.  CODEN: IOBPD3  ISSN: 0360-3016.  Journal  written in 
English.    CAN 122:26860    AN 1995:235397    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  

 
Bibliographic Information
 
Answer 9:

in tumor vol. was enhanced 1.8-fold by coadministration of BBBA (10 mg/kg/day × 2).  At a higher tumor burden (5×106 cells/mouse) 
and 4 days treatment, BBBA at 10 and 30 mg/kg/day × 4 reduced further the tumor vol. produced by FdUrd alone (200 mg/kg/day × 4) 
by 1.2- and 1.4-fold, resp.  At a higher dose of FdUrd (400 mg/kg/day × 4), the potentiation by BBBA (10 and 30 mg/kg/day × 4) was 
1.6- and 3.4-fold, resp.  Enzyme studies suggest that the lower sensitivity to FdUrd and the better potentiation of FdUrd cytotoxicity 
by BBBA in DLD-1 as compared to HCT-15 could be attributed to higher uridine phosphorylase activity in DLD-1.  There were no 
significant differences between DLD-1 and HCT-15 in the activities of other enzymes involved in FdUrd metab.  Enzyme studies also 
indicated that DLD-1 and HCT-15, in contrast to host tissues, contain no thymidine phosphorylase and have higher kinase activities 
towards FdUrd.  Therefore, the enhancement of FdUrd antitumor efficacy by BBBA appears to be due to the specific inhibition of 
uridine phosphorylase.  Such inhibition would selectively prevent catabolism and deactivation of FdUrd in the tumors but not in the 
host.  The selective inhibition of FdUrd catabolism along with the higher thymidine kinase activities in the tumors would channel the 
metab. of FdUrd in the tumors towards anabolism and formation of its active metabolite 5-fluoro-dUMP to produce the selective 
toxicity of FdUrd.  These findings may lead to a more successful use of FdUrd in cancer chemotherapy, esp. against tumors that lack 
thymidine phosphorylase.

5-(Benzyloxybenzyl)barbituric acid acyclonucleoside (BBBA) was recently synthesized as a potent and specific inhibitor of uridine 
phosphorylase (EC 2.4.2.3), the enzyme responsible for the catabolism of 5-fluoro-2'-deoxyuridine (FdUrd) in many types of tumors 
that are deficient or have little thymidine phosphorylase (EC 2.4.2.4) activity.  The effect of BBBA on modulating the antitumor 
efficacy of FdUrd was evaluated in vitro, against the human colon carcinomas DLD-1 and HCT-15 grown in culture, and in vivo, 
against DLD-1 grown as xenografts in anti-thymocyte serum immunosuppressed mice.  The concns. of FdUrd that produced 50% 
growth inhibition after a 3-h exposure were 88 and 340 nM for HCT-15 and DLD-1, resp.  BBBA alone, at all concns. tested, had no 
significant effect on the growth of DLD-1 and HCT-15 in culture.  However, BBBA at 5, 10, 20, and 40 nM potentiated the cytotoxicity 
of FdUrd (340 nM; 3 h) against DLD-1 in culture by 20, 33, 55, and 63%, resp.  Similarly, BBBA at 10 and 20 nM potentiated the 
cytotoxicity of FdUrd (88 nM; 3 h) against HCT-15 in culture by 37 and 45%, resp.  In soft agar, BBBA (19 nM) also enhanced the 
cytocidal effect of FdUrd (10 and 32 nM) against DLD-1 by 41 and 55%, resp., and against HCT-15 by 6 and 31%, resp.  Increasing 
BBBA dose to 20 nM enhanced further the FdUrd (10 and 32 nM) cytotoxicity against DLD-1 by 76 and 77%, resp., and HCT-15 by 31 
and 48%, resp.  BBBA also potentiated the chemotherapeutic efficacy of FdUrd in anti-thymocyte serum immunosuppressed mice 
bearing DLD-1 xenografts with no apparent host toxicity.  At a low tumor burden (2.5×106 cells/mouse), 2 days treatment with FdUrd 
alone (50 mg/kg/day × 2) did not result in significant redn. in tumor vol.  Coadministration of BBBA at 5 and 10 mg/kg/day × 2 did not 
potentiate the efficacy of FdUrd over that achieved by FdUrd alone, but it significantly reduced the tumor vol. by 27 and 32%, resp., 
when compared with untreated controls.  FdUrd alone at 150 mg/kg/day × 2 reduced the tumor vol. by 29%.  This redn.
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The conjugation of antineoplastic drugs to monoclonal antibodies reactive with tumor assocd. antigens conveys selective cytotoxicity, 
overcoming the systemic toxicities caused by drugs during std. chemotherapy.  2'-Deoxy-5-fluorouridine, a more potent deriv. of 
5-fluorouracil, is an antimetabolite which exerts its cytotoxic action by inhibiting the enzyme thymidylate synthetase and as a result 
inhibits DNA synthesis.  2'-Deoxy-5-fluorouridine was successfully conjugated to anti-Ly-2.1 reactive with the murine thymoma 
ITT(1)75NS E3, 1-1, and 250-30.6 reactive with human colon cancer cells using the active ester of 
2'-deoxy-5-fluoro-3'-O-succinoyluridine (5FdUrdsucc).  In vitro, 5Fd-Urdsucc-anti-Ly-2.1 was selectively cytotoxic against ITT(1)75NS 
E3 murine thymoma cells at nanomolar concns.  The human colon carcinoma cell LIM1899 was inhibited bγ 5FdUrdsucc-I-1 conjugates 
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Although the thymidine analogs 5-bromo-2'-deoxyuridine (BrdUrd) and 5-iodo-2'-deoxyuridine (IdUrd) have been used successfully as 
radiation sensitizers in clin. trials, it is not clear which of these agents is the more promising to pursue.  To begin to assess this 
question with regard to colorectal cancer metastatic to the liver, a study was carried out using HT29 human colon cancer cells in culture 
and implanted in nude mice as xenografts.  Cells and animals were treated with BrdUrd ± the thymidylate synthase inhibitor 
5-fluoro-2'-deoxyuridine (FdUrd), and the results compared to previous studies with IdUrd ± FdUrd.  Using cultured cells, it was found 
that FdUrd (at concns. of ≥10 nM) increased (a) the incorporation of BrdUrd into the DNA of cultured tumor cells, (b) BrdUrd-mediated 
radiosensitization, (c) BrdUrd-mediated increase in radiation-induced DNA damage, and (d) BrdUrd-mediated decrease in the repair of 
radiation-induced damage.  The incorporation of BrdUrd was greater than or equal to the incorporation of IdUrd previously detd. under 
the same exposure conditions.  Studies using nude mice bearing HT29 xenografts showed that FdUrd increased BrdUrd incorporation 
more into tumors than into the normal liver.  Most tumor cells incorporated BrdUrd (labeling index after a 4-day infusion = 87%); in the 
liver, labeling was confined chiefly to nonparenchymal cells.  In both the presence and absence of FdUrd, the incorporation of BrdUrd 
into tumors was significantly and consistently greater than the incorporation of IdUrd measured under the same conditions of drug 
administration (by a factor of 1.2-3.6).  Furthermore, the administration of BrdUrd ± FdUrd tended to produce less wt. loss and 
hematol. toxicity than IdUrd ± FdUrd.  BrdUrd may be superior to IdUrd as a radiation sensitizer in the treatment of colorectal cancer 
metastatic to the liver.
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52(13),  3698-704.  CODEN: CNREA8  ISSN: 0008-5472.  Journal  written in English.    CAN 117:107414    AN 1992:507414    
CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  
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mg/kg/day for 5 days resulted in greater tumor incorporation (10.3 ± 0.4% thymidine replaced) than treatment with 100 mg/kg/day for 
14 days (6.0 ± 0.6% of thymidine replaced).  Infusion of FdUrd with BrdUrd increased normal tissue incorporation of BrdUrd, but failed 
to increase BrdUrd incorporation in tumor cells.  These results suggest that relatively short, high dose rate infusions may be preferable 
to long, low dose rate infusions.  The potential benefit of FdUrd modulation demonstrated in vitro may be difficult to realize using 
continuous systemic infusions.
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Three fluorinated pyrimidines, 5-fluorouracil (FUra)(I)  [51-21-8], 5-fluorouridine (FUrd)  [316-46-1], and 5-fluoro-2'-deoxyuridine (FdUrd)  
[50-91-9], were studied in 4 human colonic tumor xenograft lines.  After equimolar dosages, the agent reaching the highest concn. in 
the tumor produced the highest level of fluorodeoxyuridylate (FdUMP)  [134-46-3]; within a tumor line, the order of response to the 
three agents is related to the order of FdUMP-generation; the tumor-response did not correspond to the level of analog-incorporation 
into RNA; the measurement of levels of free FdUMP in tumors is a poor prognostic indicator of drug-response; and the levels of 
FdUMP in the tumors are maintained for considerable periods and appear to be dependent upon the maintenance of the levels of either 
FUra or FUrd, irresp. of the parent agent administered.  
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immune-deprived mice.     Houghton, Janet A.; Houghton, Peter J.    Dep. Biochem.,  St. Jude Children's Res. Hosp.,  Memphis,  
TN,  USA.    Cancer (New York, NY, United States)  (1980),  45(5),  1159-67.  CODEN: CANCAR  ISSN: 0008-543X.  Journal  written 
in English.    CAN 95:35528    AN 1981:435528    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  
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A study was conducted to assess the potential of 5-fluoro-2'-deoxyuridine (FdUrd) to increase the incorporation and radiosensitizing 
properties of 5-iodo-2'-deoxyuridine (IdUrd) using HT29 human colon cancer cells both in vitro and in nude mice bearing these tumors 
as xenografts.  The purpose of this study was to assess (a) whether FdUrd could increase IdUrd efficacy using clin. achievable 
concns. of drugs, (b) the relationship among radiosensitization, DNA damage and repair, and analog incorporation, and (c) whether 
FdUrd improved the selectivity of IdUrd incorporation into tumor cells compared to normal tissues.  It was found that FdUrd, at clin. 
achievable concns. (1-100 nM), increased IdUrd incorporation under all conditions but particularly when the IdUrd concn. was ≤10 μM.  
FdUrd increased IdUrd-mediated radiosensitization in proportion to the increase in IdUrd incorporation.  FdUrd potentiated the ability of 
IdUrd to increase radiation-induced DNA double-strand breaks and to slow their repair.  When IdUrd alone (100 and 200 mg/kg/day) was 
infused into nude mice bearing tumors, the extent of thymidine replaced in the tumor was 1.6 (mean) and 2.5%, resp.  The combination 
of FdUrd (0.1 mg/kg/day) and IdUrd (100 mg/kg/day) increased the incorporation in the tumor to 5.3% with less toxicity than that 
resulting from the use of 200 mg/kg/day of IdUrd alone.  These data show that FdUrd is an effective biomodulator, because, for the 
same extent of normal tissue incorporation, the combination of IdUrd and FdUrd produces greater incorporation into the tumor 
compared to the use of IdUrd alone.  Furthermore, it is suggested that the regional application of FdUrd with IdUrd, either through the 
use of regional infusions or in combination with focused irradn., could potentially improve the outcome of treatment of localized 
gastrointestinal cancer.
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in the range of 10-7-10-8 M, as were Colo 20222 cells by 5FdUrdsucc-250-30.6 conjugates.  In vivo, 5FdUrdsucc conjugates were 
more effective than equiv. amts. of free 5FdUrdsucc.  Against the ITT(1)75NS E3 murine thymoma, a single dose of 100 μg 
(5FdUrdsucc equiv.) 5FdUrdsucc-anti-Ly-2.1 resulted in 85% tumor inhibition compared to mean tumor size of control mice.  Irrelevant 
5FdUrdsucc conjugates failed to inhibit tumor growth.  Multiple doses of 5FdUrdsucc-I-1 conjugate produced 50% growth inhibition of 
the moderately differentiated tumor LIM1899.  In contrast, the human colon carcinoma Colo 205 was relatively resistant to free 
5FdUrdsucc and 5FdUrdsucc-250-30.6 conjugates.
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The level of thymidylate synthetase (EC 2.1.1.45)  [9031-61-2] and its activity were measured in a series of human colorectal 
adenocarcinomas growing as xenografts in immune-deprived mice.  Enzyme activity varied between 8.4 and 124 pmol/mg protein/h; 
within each tumor line, this activity correlated with the capacity to bind 3H-labeled 5-fluoro-2'-deoxyuridine 5'-monophosphate 
([6-3H]FdUMP)  [134-46-3], which varied between 0.16 and 1.68 pmol [6-3H]FdUMP bound per g tissue.  Highest and lowest activities 
were measured in tumor lines that were insensitive to 5-fluorouracil (I)  [51-21-8], 5-fluorouridine  [316-46-1], and 
5-fluoro-2'-deoxyuridine  [50-91-9].  The ratio of the max. free FdUMP concn. to thymidine 5'-monophosphate synthetase-binding 
activity did not differentiate fluorinated pyrimidine-responsive lines from those innately insensitive.  Max. potential binding of 
[6-3H]FdUMP in vitro was measured without addn. of dl-L-5,10-methylenetetrahydrofolate (CH2FH4) in cytosol from 2 tumor lines, 
both of which demonstrated some sensitivity to fluorinated pyrimidine therapy.  The other 4 insensitive tumor lines required CH2FH4 
to be added in order to attain max. [6-3H]FdUMP binding.  Similar data were obtained using nitrocellulose membrane filtration to isolate 
both covalent and noncovalent complexes.  Direct measurement of thymidine 5'-monophosphate synthetase activity after incubation 
of tumor cytosols with FdUMP, with or without added CH2FH4, showed that, in nonresponsive tumors, max. enzyme inhibition was 
achieved only in the presence of exogenous cofactor.  It is suggested that the availability of cofactor may prove important in the 
formation of the ternary complex CH2FH4-thymidine 5'-monophosphate synthetase-FdUMP when high concns. of FdUMP are present 
for only short periods of time.  
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BACKGROUND: Although a variety of combination chemotherapies has been tested in gastric carcinoma, the most 
effective chemotherapeutic regimen and the precise mechanisms underlying anticancer agent combination have not yet 
been sufficiently elucidated.  MATERIALS AND METHODS: Experimental chemotherapy was performed using human 
gastric carcinoma xenografts, MKN-45 and TMK-1, to examine the anticancer effects and gene expressions of the 
enzymes involved in 5-fluorouracil metabolism, thymidine phosphorylase (dThdPase), thymidylate synthase (TS) and 
dihydropyrimidine dehydrogenase (DPD).  Nude mice were treated with 5'-deoxy-5-fluorouridine (5'-dFUrd), or paclitaxel 
alone or in combination.  The in vivo antitumor effects on gene expressions of the enzymes were examined using the 
quantitative real-time RT-PCR method.  RESULTS: The combined use of 5'-dFUrd and paclitaxel showed additive to 
synergistic antitumor effects on both gastric cancer xenografts.  There were significant differences of the gene 
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An in vivo model is described for assessing the antitumor activity of chemotherapeutic agents.  Tumors derived from human colon 
carcinoma cell lines injected into antithymocyte serum (ATS) immunosuppressed mice were used.  In this system, both antitumor 
effects and host toxicity can be quantitated, permitting calcn. of a therapeutic Index.  Compared with other xenograft models, the 
present system is simple. Expts. are completed in less than 2 wk, and the use of cultured cell lines allows in vitro studies to be 
performed.  The in vitro sensitivities of 1 colon cell line to 22 chemotherapeutic agents and of 4 cell lines to 3 agents is reported.  Four 
drugs used in treating colon cancer (mitomycin C  [50-07-7], 5-fluorouracil  [51-21-8], BCNU  [154-93-8], methyl-CCNU  [13909-09-6]) 
showed antitumor activity in vivo in this system.  Each had a low therapeutic index.
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The regression of human colon tumor grown in nude mice was obsd. after administration of Me CCNU  [13909-09-6] but not after 
5-fluorouracil  [51-21-8], cyclophosphamide  [50-18-0], mitomycin C  [50-07-7], 5-fluoro-2'-deoxyuridine  [50-91-9], or methotrexate  
[59-05-2].  5-Fluorouracil, cyclophosphamide, and mitomycin C elicited the retardation of the growth rate of this tumor.  Methotrexate 
was without effect.
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The Hollow Fibre Assay (HFA) is usually applied as an early in vivo model for anti-cancer drug screening, but is 
potentially an excellent model for short-term in vivo pharmacodynamic studies.  We used the model to study the in vivo 
role of thymidine phosphorylase/platelet-derived endothelial cell growth factor (TP/PD-ECGF) in the cytotoxicity and 
pharmacodynamics of TAS-102 in colon cancer cells.  TAS-102 is a new oral drug formulation, which is composed of 
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Whether anticancer drug combinations act synergistically or antagonistically often depends on the ratio of the agents 
being combined.  We show here that combinations of irinotecan and floxuridine exhibit drug ratio-dependent cytotoxicity in 
a broad panel of tumor cell lines in vitro where a 1:1 molar ratio consistently provided synergy and avoided antagonism.  
In vivo delivery of irinotecan and floxuridine coencapsulated inside liposomes at the synergistic 1:1 molar ratio (referred 
to as CPX-1) lead to greatly enhanced efficacy compared to the two drugs administered as a saline-based cocktail in a 
number of human xenograft and murine tumor models.  When compared to liposomal irinotecan or liposomal floxuridine, 
the therapeutic activity of CPX-1 in vivo was not only superior to the individual liposomal agents, but the extent of tumor 
growth inhibition was greater than that predicted for combining the activities of the individual agents.  In contrast, 
liposome delivery of irinotecan:floxuridine ratios shown to be antagonistic in vitro provided antitumor activity that was 
actually less than that achieved with liposomal irinotecan alone, indicative of in vivo antagonism.  Synergistic antitumor 
activity observed for CPX-1 was associated with maintenance of the 1:1 irinotecan:floxuridine molar ratio in plasma and 
tumor tissue over 16-24 h.  In contrast, injection of the drugs combined in saline resulted in irinotecan:floxuridine ratios 
that changed 10-fold within 1 h in plasma and sevenfold within 4 h in tumor tissue.  These results indicate that substantial 
improvements in the efficacy of drug combinations may be achieved by maintaining in vitro-identified synergistic drug 
ratios after systemic administration using drug delivery vehicles.
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expressions of dThdPase, TS, and DPD between the xenografts.  The expression of dThdPase mRNA was consistently 
up-regulated by the administration of paclitaxel, while no constant direction of TS mRNA and DPD mRNA change was 
found in the xenografts.  CONCLUSION: A synergistic antitumor effect of the combined administration of 5'-dFUrd and 
paclitaxel was found in gastric cancer xenografts and up-regulation of dThdPase mRNA may be an important underlying 
mechanism especially in tumors with high gene expression of this enzyme.
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Anticancer drug combinations can act synergistically or antagonistically against tumor cells in vitro depending on the 
ratios of the individual agents comprising the combination.  The importance of drug ratios in vivo, however, has 
heretofore not been investigated, and combination chemotherapy treatment regimens continue to be developed based on 
the maximum tolerated dose of the individual agents.  We systematically examined three different drug combinations 
representing a range of anticancer drug classes with distinct molecular mechanisms (irinotecan/floxuridine, 
cytarabine/daunorubicin, and cisplatin/daunorubicin) for drug ratio-dependent synergy.  In each case, synergistic 
interactions were observed in vitro at certain drug/drug molar ratio ranges (1:1, 5:1, and 10:1, respectively), whereas other 
ratios were additive or antagonistic.  We were able to maintain fixed drug ratios in plasma of mice for 24 hours after i.v. 
injection for all three combinations by controlling and overcoming the inherent dissimilar pharmacokinetics of individual 
drugs through encapsulation in liposomal carrier systems.  The liposomes not only maintained drug ratios in the plasma 
after injection, but also delivered the formulated drug ratio directly to tumor tissue.  In vivo maintenance of drug ratios 
shown to be synergistic in vitro provided increased efficacy in preclinical tumor models, whereas attenuated antitumor 
activity was observed when antagonistic drug ratios were maintained.  Fixing synergistic drug ratios in pharmaceutical 
carriers provides an avenue by which anticancer drug combinations can be optimized prospectively for maximum 
therapeutic activity during preclinical development and differs from current practice in which dosing regimens are 
developed empirically in late-stage clinical trials based on tolerability.
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 Also induction of apoptosis was reduced in the presence of TPI.  The data demonstrated that the HFA is excellently 
suited for studying short-term pharmacodynamic effects of fluoropyrimidines in vivo.  TAS-102 is only effective in 
inducing cytotoxicity when systemic TPI is present, but acts against both low and high TP expressing colon cancer cells, 
while 5'DFUR needs cellular TP to exert significant activity.

trifluorothymidine (TFT) and thymidine phosphorylase inhibitor (TPI), which prevents TFT degradation.  We compared the 
activity with Xeloda (capecitabine), which is activated by TP into 5FU.  Hollow fibres filled with human Colo320 or 
Colo320TP1 colorectal cancer cells with deficient or high TP expression, respectively, were implanted subcutaneously 
(s.c.) at both flanks of BALB/c mice.  The mice were treated orally over 5 days with TAS-102, TFT alone, 5'DFUR+/-TPI 
or capecitabine at their maximum tolerated dose (MTD).  The cells were retrieved from the fibres and assayed for growth 
(MTT assay), cell cycle distribution (flow cytometry) and apoptosis induction (FragEL method).  TAS-102 induced 
considerable growth inhibition (50%, P<0.01) to both cell lines, which was completely abolished in the absence of TPI.  
Capecitabine and its metabolite 5'DFUR reduced proliferation of Colo320TP1 cells in the fibres significantly (down to 
25-40%), but much less in Colo320 cells, whereas addition of TPI reduced the effect of 5'DFUR, although not completely.  
These differences in cytotoxic effects were reflected in the pharmacodynamic evaluation.  TAS-102 induced a 
G2M-phase arrest (from 25 to 40%) and apoptosis (>8-fold), which was more pronounced in Colo320 than in Colo320TP1.  
Again, omission of TPI neutralised the effect of TAS-102.  Similarly, 5'DFUR and capecitabine induced a significant 
G2M-phase arrest (up to 45%) in the Colo320TP1 cell line, but less pronounced in the parental Colo320.  Addition of TPI to 
5'DFUR reduced this effect to control levels.
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5'-deoxy-5-fluorouridine (5'-DFUR, Furtulon) is activated to 5-fluorouracil (5-FU) by thymidine phosphorylase (dThdPase) 
highly expressed in many types of tumors.  In previous studies, we demonstrated that taxanes (paclitaxel or docetaxel) 
up-regulated the tumor levels of dThdPase and enhanced the efficacy of 5'-DFUR in human colon and mammary 
xenograft models.  In the present study, combination therapy of 5'-DFUR with taxanes in human gastric cancer xenograft 
models also showed, at the least, additive anti-tumor activity without significant augmentation of toxicity.  Furthermore, 
paclitaxel up-regulated dThdPase expression in the tumor tissues as confirmed with ELISA and immunohistochemistry.  
These results suggest taxanes would potentiate the efficacy of 5'-DFUR by up-regulating the tumor levels of dThdPase in 
gastric xenograft models.  Clinical trials of 5'-DFUR in combination with taxane against gastric cancer are warranted.
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A reverse-phase high-performance liquid chromatography method with electrospray ionization and detection by mass 
spectrometry is described for the simultaneous determination of capecitabine, its intermediate metabolites (DFCR, 
DFUR) and the active metabolite 5-fluorouracil in mouse plasma, liver and human xenograft tumours.  The method was 
also cross-validated in human plasma and human tumour for clinical application.  The method has greater sensitivity than 
previously published methods with an equivalent accuracy and precision.  It uses less biological material (plasma, tissue) 
and should therefore be applicable to biopsies in patients treated with capecitabine.
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BACKGROUND: Irinotecan (CPT-11) and doxifluridine (5'-DFUR) are active agents against colorectal cancer.  Each drug, 
however, has the possibility of causing diarrhea.  METHODS AND RESULTS: First, we determined the optimal dosing 
regimen in murine models.  CPT-11 (i.v., q2d x 3) and 5'-DFUR (p.o., qd x 14) were administered to mice bearing a human 
colorectal cancer xenograft model.  Diarrhea was stronger in the simultaneously administered schedule but not much 
stronger in the sequentially administered schedule compared with monotherapies.  Both schedules yielded similar 
antitumor efficacies.  Next, we conducted a phase I study combining CPT-11 on days 1 and 15, and 5'-DFUR on days 
3-14 and 17-28 every 5 weeks in 19 patients with metastatic colorectal cancer.  The doses of CPT-11 ranged from 80 to 
150 mg/m2 and those of 5'-DFUR from 800 to 1,200 mg.  Diarrhea of grade 3/4 developed in only 1 patient at 100 
mg/m2/800-mg doses.  Dose-limiting toxicities were hyperbilirubinemia and skipping doses due to fatigue at 150 
mg/m2/1,200-mg doses.  CONCLUSION: For the phase II study, the recommended dose was set at CPT-11 150 mg/m2 
and 5'-DFUR 800 mg.  Copyright 2005 S. Karger AG, Basel.
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The purposes of this study were to evaluate the antitumor activity of S-1 (1 M tegafur, 0.4 M 
5-chloro-2,4-dihydroxypyridine and 1 M potassium oxonate) on human lung tumor xenografts, as compared with other 
fluoro-pyrimidines, and to investigate the relationships between fluoropyrimidine antitumor activities and four distinct 
enzymatic activities involved in the phosphorylation and degradation pathways of 5-fluorouracil (5-FU) metabolism.  S-1, 
UFT (1 M tegafur-4 M uracil), 5'-deoxy-5-fluorouridine (5'-DFUR), capecitabine and 5-FU were administered for 14 
consecutive days to nude mice bearing lung tumor xenografts.  S-1 showed stronger tumor growth inhibition in four of the 
seven tumors than the other drugs.  Cluster analysis, on the basis of antitumor activity, indicated that S-1/UFT and 
5'-DFUR/capecitabine/5-FU could be classified into another group.  We investigated tumor thymidylate synthase content, 
dihydropyrimidine dehydrogenase (DPD) activity, thymidine phosphorylase (TP) activity and orotate phosphoribosyl 
transferase activity in seven human lung tumor xenografts and performed regression analyses for the antitumor 
activities of fluoropyrimidines.  There were inverse correlations between antitumor and DPD activities for 5'-DFUR 
(r=-0.79, P=0.034), capecitabine (r=-0.56, P=0.19) and 5-FU (r=-0.86, P=0.013).  However, no such correlations were 
observed for S-1 and UFT.  These findings suggest that S-1 containing a potent DPD inhibitor may have an antitumor 
effect on lung tumors, with high basal DPD activity, superior to those of other fluoropyrimidines.
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BACKGROUND: Trastuzumab, a humanized anti-HER2 antibody, increases the clinical benefit of first-line chemotherapy 
in patients with metastatic breast cancers that overexpress HER2.  We characterized interactions between trastuzumab 
and chemotherapeutic agents commonly used in the treatment of breast cancer.  METHODS: Multiple drug 
effect/combination index isobologram analysis was used to study the efficacy of chemotherapeutic drug plus 
trastuzumab combinations tested against four HER2-overexpressing breast cancer cell lines (SK-BR-3, BT-474, 
MDA-MB-361, and MDA-MB-453).  Combination index values were derived from parameters of the median effect plots, 
and statistical tests were used to determine whether the mean combination index values at multiple effect levels were 
statistically significantly different from a combination index value of 1.0.  Values less than 1.0 indicate synergistic 
interactions, values greater than 1.0 indicate antagonistic interactions, and values equal to 1.0 indicate additive 
interactions.  RESULTS: At a wide range of clinically achievable drug concentrations, synergistic interactions were 
observed in all four breast cancer cell lines for trastuzumab plus carboplatin (mean combination index values ranged from 
0.32 [P<.001] to 0.53 [P<.001]), 4-hydroxycyclophosphamide (mean combination index values ranged from 0.38 [P<.001] 
to 0.73 [P =.010]), docetaxel (mean combination index values ranged from 0.30 [P<.001] to 0.62 [P<.001]), and vinorelbine 
(mean combination index values ranged from 0.24 [P<.001] to 0.78 [P<.034]).  Additive interactions were observed in all 
four cell lines with trastuzumab plus doxorubicin, epirubicin, and paclitaxel.  Interactions between trastuzumab and 
gemcitabine were synergistic at low concentrations of gemcitabine and antagonistic at high concentrations.  A synergistic 
interaction was observed with a three-drug combination of docetaxel plus carboplatin plus trastuzumab in SK-BR-3 cells 
(mean combination index value = 0.09; P<.001).
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 We conclude that TAS-102 is expected to manifest antitumor effects against 5-FU-resistant tumors that are similar to 
those exerted in 5-FU-sensitive tumors.

TAS-102 is a new antimetabolite agent composed of a alpha, alpha, alpha-trifluorothymidine (FTD; 1 M) and thymidine 
phosphorylase inhibitor (TPI; 0.5 M).  Here, we investigated the antitumor effect and mechanism of TAS-102 against 
5-FU, or FdUrd, resistant human cancer cell lines.  The respective tumor growth inhibition rate of orally administered FTD 
against 5-FU-resistant NUGC-3 was about 70% at a dose level of 200 mg/kg/day; this value was comparable to that 
against the parental NUGC-3.  On the other hand, the tumor inhibition rates of 5-FU, FdUrd, and TS-1 against 
5-FU-resistant NUGC-3 were lower than those against parental NUGC-3.  Similar observations were made in an 
FdUrd-resistant human colorectal cancer cell line (DLD-1).  TAS-102 was also effective in 5-FU-less sensitive human 
pancreatic cancer cell lines (PAN-12 and BxPC-3) and human esophagus cancer (T.T.) when compared with 5-FU or UFT.  
Our hypothesis was that a relatively short and high dosage of TAS-102 results in an additional mechanism of FTD 
incorporation into DNA other than thymidylate synthase (TS) inhibition.  We then examined the effects of FTD on DNA at 
the cellular level.  After treatment with FTD or FdUrd, the DNA fragmentation pattern was examined using filter elution 
and in situ nick translation.  Treatment with FTD for 2 h resulted in marked DNA fragmentation.  When the tumor cells 
were treated with FTD for 72 h or with FdUrd for 2 or 72 h, only a small amount of DNA fragmentation was observed, and 
the appearance of the tumor cells did not differ markedly from that of untreated cells.  Moreover, the DNA fragmentation 
rate in the TAS-102 treatment group was significantly higher than that in the control group in vivo.  These results suggest 
that when tumor cells are exposed to high concentrations of FTD for short periods of time, FTD manifests its antitumor 
activity primarily through the induction of DNA fragmentation after FTD incorporation into the DNA.

 
Abstract
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Intratumoural (i.t.) injection of radio-iododeoxyuridine (IdUrd), a thymidine (dThd) analogue, is envisaged for targeted 
Auger electron- or beta-radiation therapy of glioblastoma.  Here, biodistribution of [(125)I]IdUrd was evaluated 5 hr after 
i.t. injection in subcutaneous human glioblastoma xenografts LN229 after different intravenous (i.v.) pretreatments with 
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synthesis blocking in human glioblastoma xenografts.     Buchegger Franz; Adamer Florence; Schaffland Andreas 
Oliver; Kosinski Marek; Grannavel Carine; Dupertuis Yves Marc; de Tribolet Nicolas; Mach Jean-Pierre; Delaloye Angelika 
Bischof    Division of Nuclear Medicine, University Hospital of Lausanne, CHUV, Rue du Bugnon 46, CH-1011 Lausanne, 
Switzerland.  Franz.Buchegger@chuv.hospvd.ch    International journal of cancer. Journal international du cancer  (2004),  
110(1),  145-9.  Journal code: 0042124.  ISSN:0020-7136.  Journal; Article; (JOURNAL ARTICLE); (RESEARCH 
SUPPORT, NON-U.S. GOV'T)  written in English.    PubMed ID 15054880 AN 2004160671    MEDLINE (Copyright (C) 
2008 U.S. National Library of Medicine on SciFinder (R))

 
Bibliographic Information
 
Answer 28:

PURPOSE: To identify the optimal schedule for intraperitoneal (i.p.) infusion of floxuridine (FUDR) against peritoneal 
micrometastases from gastric cancer.  METHODS: The efficacy of continuous i.p. infusion of FUDR was compared with 
that of bolus i.p. administration in peritoneal gastric cancer (MKN45) xenografts.  The FUDR continuous delivery system 
in this study was in the form of injectable poly(lactic-coglycolic) acid (PLGA) microspheres intended for i.p. injection.  
Animals were treated by continuous i.p. infusion using FUDR-loaded microspheres or bolus i.p. administration of FUDR.  
RESULTS: In vitro testing demonstrated that FUDR was released slowly from the microspheres at a rate of 
approximately 5% of the total encapsulated drug per day.  In in vivo studies, the peritoneal level was found to persist and 
was approximately 5- to 50-fold higher than that of plasma for more than 2 weeks following a single injection of the 
microspheres.  An in vitro MTT assay showed that exposure time clearly influenced the cytotoxic potency of FUDR.  In 
vivo, continuous infusion was more effective against peritoneal tumor than bolus administration at equivalent doses.  
However, compared with bolus administration, toxicity was increased, resulting in a reduced maximum tolerated dose 
(MTD) with continuous infusion.  When the treatment was carried out at each MTD (continuous 1 mg/kg, bolus 600 mg/kg), 
continuous infusion had no advantage in inhibiting tumor growth.  CONCLUSIONS: Owing to the higher toxicity and the 
equal efficacy of continuous infusion compared with bolus administration, continuous infusion is not recommended in i.p.  
FUDR treatment.
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 CONCLUSION: Consistent synergistic interactions of trastuzumab plus carboplatin, 4-hydroxycyclophosphamide, 
docetaxel, or vinorelbine across a wide range of clinically relevant concentrations in HER2-overexpressing breast cancer 
cells indicate that these are rational combinations to test in human clinical trials.
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 In nude mice xenografts of the transfected cells, treatment with 5'-DFUR had a significant anti-tumor effect compared to 
those of the untreated transfected cells and control vector alone treated with 5'-DFUR (p<0.01).  Intratumoral microvessel 
density in the transfected cells was not significantly increased with or without treatment with 5'-DFUR compared to control 
vector alone.  The high expression of dThdPase was correlated with an increase in the sensitivity to 5'-DFUR in 
gastrointestinal and breast cancer cell lines.  The introduction of dThdPase cDNA in breast cancer cells enhanced the 
sensitivity to 5'-DFUR without an increase of tumor angiogenesis, and targeting chemotherapy of dThdPase may be a 
good tumor-specific and personalized therapy for improving the poor prognosis of cancer patients who show high 
expressions of dThdPase.

Human thymidine phosphorylase (dThdPase) is an angiogenic factor identical to platelet-derived endothelial cell growth 
factor (PD-ECGF).  Thymidine phosphorylase is also a converting enzyme of the prodrug 5'-deoxy-5-fluorouridine 
(5'-DFUR) to 5-fluorouracil (5-FU) in tumors.  To assess the role of dThdPase in targeting chemotherapy, we examined 
the relationship between the expression of dThdPase and the sensitivity of 5'-DFUR in cancer cell lines, and also 
examined whether transfection of dThdPase cDNA enhanced the drug-sensitivity to 5'-DFUR with or without angiogenesis 
in breast cancer cells.  Thirteen human cancer cell lines consisting of 4 breast cancer, 6 gastric cancer, and 3 colon 
cancer cell lines were used.  Expression of dThdPase was assessed by reverse transcriptase-polymerase chain reaction 
(RT-PCR) and enzyme-linked immunosorbent assay (ELISA).  In vitro drug-sensitivity was assessed by MTT assay, and 
anti-tumor effect in vivo was assessed using nude mouse xenografts.  Intratumoral microvessel density was evaluated 
by immunohistochemical staining to factor VIII related antigen.  Transfection of dThdPase cDNA was performed using 
pcDNA3 expression vector encoding its cDNA by the lipofection method.  An inverse relationship between the expression 
of dThdPase and the IC50 values of 5'-DFUR was observed (p=0.1278, rho=-0.440) in the 13 cancer cell lines.  
Transfection of dThdPase cDNA into MCF-7 breast cancer cells resulted in an approximately 2.6- and 10-fold increase of 
the expression of dThdPase mRNA and its enzyme activity, respectively, compared to the control vector alone.  The 
sensitivity to 5'-DFUR in the transfected cells was increased approximately 20-fold compared to the parent cells and 
control vector alone, and the sensitivity to 5-FU was also somewhat increased.  In contrast, the sensitivity to ADM, 
CDDP, and VP-16 was not different between the transfected and control cells.
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fluorodeoxyuridine (FdUrd).  FdUrd is known to block de novo dThd synthesis, thus favouring DNA incorporation of 
radio-IdUrd.  Results showed that pretreatment with 2 mg/kg FdUrd i.v. in 2 fractions 0.5 hr and 1 hr before injection of 
radio-IdUrd resulted in a mean tumour uptake of 19.8% of injected dose (% ID), representing 65.3% ID/g for tumours of 
approx. 0.35 g.  Tumour uptake of radio-IdUrd in non-pretreated mice was only 4.1% ID.  Very low uptake was observed in 
normal nondividing and dividing tissues with a maximum concentration of 2.9% ID/g measured in spleen.  Pretreatment 
with a higher dose of FdUrd of 10 mg/kg prolonged the increased tumour uptake of radio-IdUrd up to 5 hr.  A competition 
experiment was performed in FdUrd pretreated mice using i.t. co-injection of excess dThd that resulted in very low tumour 
retention of [(125)I]IdUrd.  DNA isolation experiments showed that in the mean >95% of tumour (125)I activity was 
incorporated in DNA.  In conclusion, these results show that close to 20% ID of radio-IdUrd injected i.t. was incorporated 
in tumour DNA after i.v. pretreatment with clinically relevant doses of FdUrd and that this approach may be further 
exploited for diffusion and therapy studies with Auger electron- and/or beta-radiation-emitting radio-IdUrd.  Copyright 2004 
Wiley-Liss, Inc.
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UFT, a drug composed of uracil and tegafur at the molar ratio of 4:1, is an orally active agent for the treatment of a wide 
variety of malignant tumours.  Using a murine dorsal air sac (DAS) assay, we have previously shown that UFT and its 
metabolites, gamma-hydroxybutyric acid (GHB) and 5-fluorouracil (5-FU), inhibited the angiogenesis induced by murine 
renal cell carcinoma.  Here we report that UFT was more effective than other fluorinated pyrimidines such as 5-FU and 
doxifluridine (5'-DFUR) in blocking the angiogenic responses elicited by five human cancer cell lines which produced high 
levels of vascular endothelial growth factor (VEGF), but no detectable fibroblast growth factor-2 (FGF-2) in vitro.  In 
contrast, UFT was unable to block the angiogenic response to one human gastric cancer cell line which produced both 
VEGF and FGF-2 in vitro.  However, the production or secretion of VEGF by these cells was unaffected by GHB and 
5-FU treatment.  Interestingly, GHB suppressed the chemotactic migration and tube formation of human umbilical vein 
endothelial cells (HUVECs) stimulated by VEGF, without inhibiting their DNA synthesis.  Since GHB did not affect the 
FGF-2-driven activities in HUVECs, its action appears to be VEGF-selective.  On the other hand, 5-FU inhibited DNA 
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A combination therapy with CPT-11 and 5-FU/LV has been recently established as a first-line therapy for metastatic 
colorectal cancer.  However, severe adverse effects have also been reported from this combination therapy, and a 
modality to reduce the adverse effects is desired. 5'-DFUR, a pro-drug of 5-FU, shows less myelotoxicity than 5-FU, 
and thus it may be a better partner to combine with CPT-11.  However, since each drug has the possibility of inducing 
diarrhea, there is concern about their use in combination therapy.  Therefore, in the present study, our aim was to 
establish an optimal schedule in murine models, which shows no increase in diarrhea but maintains potent antitumor 
activity.  In non-tumor bearing mice, CPT-11 was given i.v. at 100 mg/kg/day q2d x 3, and 5'-DFUR was given p.o. at 
172 mg/kg/day daily for 14 days.  Each of these doses caused diarrhea in the single treatment.  CPT-11 was 
administered simultaneously or sequentially with 5'-DFUR.  With the simultaneously administered schedule, the diarrhea 
appeared stronger than that found in the CPT-11 single or in the 5'-DFUR single treatment groups.  On the other hand, 
with the sequentially administered schedule the diarrhea was not much stronger than that found in the single agent 
treatment groups.  When CPT-11 and 5'-DFUR administrations were separated by three-day intervals, the diarrhea was 
not augmented at all.  In mice bearing human colorectal cancer COLO 205, the antitumor activity of CPT-11 in the 
combination with 5'-DFUR was additive in all of the examined schedules.  The efficacy in the sequential schedule was the 
same as in the simultaneous schedule.  These results suggest that a sequential administration schedule of CPT-11 and 
5'-DFUR would be more tolerable than and equally efficacious to the simultaneous administration schedule.  Clinical study 
of this sequential administration in combination therapy is warranted.
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Docetaxel and capecitabine are being prescribed for the treatment of breast cancer.  In this study, we tried to identify the 
optimal administration schedule in combination therapy with these anticancer drugs in human cancer xenograft models.  
Capecitabine was given p.o. daily for 2 weeks (days 1-14), whereas docetaxel was given i.v. on day 1, day 8, or day 15 

 
Abstract
 

Schedule dependency of antitumor activity in combination therapy with capecitabine/5'-deoxy-5-fluorouridine 
and docetaxel in breast cancer models.     Fujimoto-Ouchi K; Tanaka Y; Tominaga T    Oncology, Nippon Roche 
Research Center, Kamakura, Kanagawa, Japan      Clinical cancer research : an official journal of the American 
Association for Cancer Research  (2001),  7(4),  1079-86.  Journal code: 9502500.  ISSN:1078-0432.  Journal; Article; 
(JOURNAL ARTICLE)  written in English.    PubMed ID 11309360 AN 2001219498    MEDLINE (Copyright (C) 2008 U.S. 
National Library of Medicine on SciFinder (R))

 
Bibliographic Information
 
Answer 33:

PURPOSE: Although several combination treatments with docetaxel and other antitumor agents have been tested in 
experimental and clinical studies, their synergistic effects are still ill-defined.  The degree of synergism between docetaxel 
and two oral fluoropyrimidines, tegafur and 5'-deoxy-5-fluorouridine (5'-dFUrd), was investigated in the KPL-4 human 
breast cancer xenograft model.  METHODS: Because this KPL-4 cell line secretes interleukin-6 (IL-6) and induces 
cachexia, the effects of the combined treatment on serum IL-6 levels and cachectic markers were investigated.  In 
addition, the expression levels of thymidine phosphorylase (dThdPase), a key enzyme for converting 5'-dFUrd to 
5-fluorouracil, were determined.  Female nude mice bearing KPL-4 tumors were treated orally with 5'-dFUrd (60 mg/kg, 
five times a week) or tegafur (100 mg/ kg, five times a week) and by intraperitoneal injection of docetaxel (5 or 10 mg/kg, 
once a week).  RESULTS: Although docetaxel (5 mg/kg) alone did not decrease either tumor growth or serum IL-6 levels, 
docetaxel (5 mg/kg) plus 5'-dFUrd or tegafur enhanced tumor growth inhibition and decreased serum IL-6 levels more than 
5'-dFUrd or tegafur alone.  Docetaxel (5 mg/kg) alone slightly increased the percentage of dThdPase-positive tumor cells, 
but the combined treatment with docetaxel plus 5'-dFUrd or tegafur significantly decreased the percentage of 
dThdPase-positive cells in the KPL-4 tumors.  CONCLUSION: These findings indicate that docetaxel may stimulate 
dThdPase expression in tumor tissues and may enhance the antitumor activity of oral fluoropyrimidines.  In addition, 
combined treatment with docetaxel and oral fluoropyrimidines may decrease serum IL-6 levels and may ameliorate 
IL-6-induced cancer cachexia.
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synthesis and migration of HUVECs stimulated by both VEGF and FGF-2, and tube formation driven by VEGF, 
suggesting that 5-FU is cytotoxic to endothelial cells.  The inhibitory effects of 5-FU, and especially those GHB, were 
reproduced under in vivo condition using the DAS assay.  The VEGF-mediated angiogenesis was significantly inhibited by 
UFT, 5-FU, and especially by GHB.  We propose that the selective inhibitory effects of GHB on VEGF-mediated 
responses of endothelial cells are involved in the anti-angiogenic activity of UFT.
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The purpose of the present study was to examine directly the role of thymidine phosphorylase (TP) in the sensitivity of 
renal cell carcinoma (RCC) to a novel fluoropyrimidine carbamate, capecitabine.  TP cDNA-transfected RCC are used in 
these experiments to provide a basis for improved therapeutic benefit in chemoimmunotherapy.  Human RCC line KU2 
cells were transfected with pcDNA3.1/zeo(+) with or without human TP cDNA by the lipofectin method.  We established a 
clone transfected with pcDNA3.1/zeo(+)/TP (KU2-TP15) and a clone transfected with pcDNA3.1/zeo(+) as a control 
(KU2-C1).  TP expression levels (mean +/- SD) examined by enzyme-linked immunosorbent assay (ELISA) were 1.3 +/- 
0.14 U/mg protein in KU2, 1.6 +/- 0.57 U/mg protein in KU2-C1 and 216 +/- 25.6 U/mg protein in KU2-TP15.  
Immunohistochemical staining of subcutaneous tumors established in Balb/c nu/nu mice showed that KU2-TP15 was 
strongly positive for TP expression, whereas KU2 and KU2-C1 were negative.  Sensitivities in vitro to 5-fluorouracil 
(5FU), 5'-deoxy-5-fluorouridine (5'DFUR) and capecitabine in KU2-TP15 were significantly enhanced compared with those 
in KU2 or KU2-C1.  A moderate but statistically significant bystander effect was observed in vitro.  KU2-TP15 tumors 
showed significant increase in the in vivo sensitivities to 5'DFUR and capecitabine as compared with the vehicle alone 
while KU2-C1 tumors did not.  The difference in tumor-free rate in mice bearing KU2-TP15 at 2 months after the cessation 
of treatment was statistically significant between the capecitabine treatment group and the controls, the 5FU treatment 
group and the 5'DFUR treatment group.  The present study clearly provides direct evidence for the role of TP in 
mediating the sensitivity of RCC to capecitabine.  Copyright 2001 Wiley-Liss, Inc.
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 Based on these observations, clinical studies on the day 8 combination regimen with docetaxel and capecitabine/5'-dFUrd 
are warranted.

in a 3-week regimen to the mice bearing MX-1 human breast cancer xenograft.  The combination showed better antitumor 
efficacy than the monotherapy of either agent in either dosing regimen.  However, the most potent and synergistic 
activity was observed when docetaxel was given on day 8.  This potent effect appears to be characteristic of the 
combination of docetaxel with capecitabine or its intermediate metabolite 5'-deoxy-5-fluorouridine (doxifluridine; 5'-dFUrd).  
Docetaxel given on day 8 showed a potent effect in combination with 5'-dFUrd, but a much weaker effect was observed 
in combination with 5-fluorouracil or UFT, a fixed combination of tegafur and uracil.  Better efficacy was also observed in 
the MAXF401 human breast cancer xenograft and in the mouse A755 mammary tumor when docetaxel was given at the 
middle of the capecitabine or 5'-dFUrd treatment rather than other dosing regimens.  In contrast, the efficacy in WiDr 
human colon cancer xenograft was somewhat better when docetaxel was given on day 1.  One possible explanation for 
the synergy is that docetaxel up-regulates tumor levels of thymidine phosphorylase, the enzyme essential for the 
activation of capecitabine and 5'-dFUrd to 5-fluorouracil.  In fact, docetaxel up-regulated the thymidine phosphorylase 
levels 4.8- and 1.9-fold in the WiDr and MX-1 models, respectively.  However, it did not significantly up-regulate in the 
MAXF401 and A755 models in which a potent combination effect was observed as well.  Other mechanisms, particularly 
those for the synergy with docetaxel given at the middle during capecitabine/5'-dFUrd administration, would also exist.
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Evaluation of antitumor activity of etoposide administered orally for 21 consecutive days against human uterine 
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The fluorinated pyrimidine nucleoside, 5'-deoxy-5-fluorouridine (5'-dFUrd) has been shown to effectively attenuate the 
progress of cachexia in the murine adenocarcinomas MAC16 and colon 26 as well as in the human uterine cervical 
carcinoma xenograft, Yumoto.  Although concomitant inhibition of tumour growth was observed in all three models this 
was not sufficient to account for the preservation of body weight.  An attempt has been made to correlate the 
anti-cachectic activity of 5'-dFUrd with the presence of a tumour produced proteolysis-inducing factor (PIF), thought to be 
responsible for the development of cachexia in the MAC16 model.  Two variants of colon 26 adenocarcinoma were 
employed, clone 20 which produces profound cachexia, and clone 5 which produces no change in body weight in recipient 
animals.  Mice bearing the colon 26, clone 20 variant showed evidence for the presence of PIF in tumour, serum and 
urine, while there was no evidence for the presence of PIF in tumour or body fluids of mice bearing the clone 5 tumours.  
Treatment of animals bearing the clone 20 variant with 5'-dF Urd led to the disappearance of PIF from the tumour, serum 
and urine concomitant with the attenuation of the development of cachexia.  The human cervical carcinoma, Yumoto, 
which also induced cachexia in recipiant animals, showed expression of PIF in tumour, serum and urine in control and 
vehicle-treated mice, but was absent in mice treated with 5'-dFUrd.  Thus in these experimental models cachexia appears 
to be correlated with the presence of PIF.
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To identify an orally available fluoropyrimidine having efficacy and safety profiles greatly improved over those of 
parenteral 5-fluorouracil (5-FU: 1), we designed a 5-FU prodrug that would pass intact through the intestinal mucisa and be 
sequentially converted to 5-FU by enzymes that are highly expressed in the human liver and then in tumors.  Among 
various N4-substituted 5'-deoxy-5-fluorocytidine derivatives, a series of N4-alkoxycarbonyl derivatives were hydrolyzed 
to 5'-deoxy-5-fluorocytidine (5'-DFCR: 8) specifically by carboxylesterase, which exists preferentially in the liver in 
humans and monkeys.  Particularly, derivatives having an N4-alkoxylcarbonyl moiety with a C4-C6 alkyl chain were the 
most susceptible to the human carboxylesterase.  Those were then converted to 5'-deoxy-5-fluorouridine (5'-DFUR: 4) by 
cytidine deaminase highly expressed in the liver and solid tumors and finally to 5-FU by thymidine phosphorylase 
(dThdPase) preferentially located in tumors.  When administered orally to monkeys, a derivative having the 
N4-alkoxylcarbonyl moiety with a C5 alkyl chain (capecitabine: 6) The highest AUC and Cmax for plasma 5'-DFUR.  In 
tests with various human cancer xenograft models, capecitabine was more efficacious at wider dose ranges than either 
5-FU or 5'-DFUR and was significantly less toxic to the intestinal tract than the others in monkeys.
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Thymidine phosphorylase (dThdPase) is an essential enzyme for the activation of the oral cytostatic drugs capecitabine 
(N(4)-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine, Xeloda(trade mark)) and its intermediate metabolite doxifluridine 
[5'-deoxy-5-fluorouridine (5'-dFUrd, Furtulon((R)))] to 5-fluorouracil (5-FUra) in tumors.  In a previous study, we found that 
several cytostatics were able to up-regulate tumor levels of dThdPase in a human colon cancer xenograft model.  In the 
present study, we confirmed that the administration of cytostatics used for breast cancer treatment, such as taxanes and 
cyclophosphamide (CPA), up-regulated the tumor level of dThdPase in mammary tumor models as well.  Because the 
dThdPase up-regulation was observed even when CPA was given orally, we investigated further the usefulness of 
combination therapy with the 2 oral drugs, 5'-dFUrd/capecitabine and CPA in mammary tumor models.  Daily oral 
administration of CPA up-regulated human dThdPase levels in the tumor tissue of mice bearing a human mammary tumor 
xenograft, MX-1, whereas in the small intestine and liver, it did not affect levels of pyrimidine nucleoside phosphorylases 
(PyNPase) including dThdPase and uridine phosphorylase.  The preferential up-regulation of PyNPase activity in the 
tumor by CPA administration was also confirmed in mice bearing a syngeneic murine mammary adenocarcinoma, A755.  
In both models, combination therapy of 5'-dFUrd/capecitabine with CPA showed synergistic antitumor activity, without 
significant potentiation of toxicity.  In contrast, treatment with CPA and either 5-FUra or UFT (a mixture of tegafur and 
uracil) in combination showed only additive activity.  Our results suggest that CPA and capecitabine/5'-dFUrd, both 
available for oral administration, would be good partners, and that clinical trials with this drug combination against breast 
cancer are warranted.  Copyright 1999 Wiley-Liss, Inc.
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The antitumor activity of etoposide (ETP) against human uterine cancer cell lines were investigated in vitro and in vivo.  
The cytotoxic activity of ETP against HeLa S3, a human cervical cancer cell line, depended on exposure time.  The 
survival rate with 24 h prolonged exposure was reduced to about 1/200 that with 6 h exposure.  The time dependency of 
antitumor activity of ETP against HeLa S3 subcutaneously transplanted in nude mice was studied.  The effect of 21 or 28 
consecutive days oral administration was greater than that of 5 or 14 consecutive days.  Furthermore, a longer 
administration schedule was less toxic.  The antitumor activity of ETP administered orally for 21 consecutive days was 
compared with that of CDDP, CPT-11 and 5'-DFUR using both human uterine cancer cell lines (TCO-1, SIHA, 
UCC08JCK) transplanted subcutaneously in nude mice and human uterine cancer cell lines (HeLa S3, UCC08JCK) 
transplanted into the uterus of nude mice.  ETP showed the same antitumor activity as CPT-11 and 5'-DFUR against 
TCO-1 and UCC08JCK, human uterine cancer cell lines transplanted subcutaneously in nude mice.  ETP also showed 
anticancer activity against two cell lines transplanted into the uterus.  The growth inhibition caused by ETP administered 
orally at 50 mg/kg against HeLa S3 transplanted subcutaneously was 36.7% while that against the same cell line 
transplanted into the uterus was 58.5%. 5'-DFUR also showed the same antitumor activity as ETP.  These results suggest 
that long term oral administration of ETP is clinically useful for cervical cancer patients.
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 To test this hypothesis, we preadministered methoxypolyethyleneglycol-conjugated thymidine phosphorylase 
(MPEG-TPase; 2500 units/kg/dose) to reduce mouse plasma thymidine, then treated with various doses of ZD1694 using 
the daily x 5 or i.v. x 1 schedules in the A253 tumor model.  MPEG-TPase significantly increased the toxicity of ZD1694; 
the MTD of ZD1694 plus MPEG-TPase was reduced 3- and 10-fold compared with ZD1694 alone for i.v x 1 and daily x 5 
schedules, respectively.  However, preadministration of MPEG-TPase did not potentiate the antitumor activity of ZD1694 
with either schedule.  The data indicate that the study of TS inhibitors in rodent models may not be suitable for predicting 
a safe dose for clinical study.  However, rodent models, particularly human tumor xenografts, are still useful models for 
evaluation of antitumor activity and schedule selection for TS inhibitors.

We studied the antitumor activity and toxicity of ZD1694 (tomudex), a specific inhibitor of thymidylate synthase (TS), in 
nude mice bearing human head and neck squamous cell carcinoma A253 and FaDu xenografts.  Mice were treated by 
single i.v. push (i.v. x 1), i.v. push once a week for 3 weeks (weekly x 3), and i.v. push once a day for 5 days (daily x 
5), and the maximum tolerated doses (MTDs) of ZD1694 were 300 mg/kg, 60 mg/kg/week, and 30 mg/kg/day, 
respectively.  ZD1694 was moderately active against both A253 and FaDu xenografts.  Antitumor activity was 
schedule-dependent in both tumors: weekly x 3 > or = i.v. x 1 >> daily x 5.  In contrast, the rank order of toxicity was 
daily x 5 >> weekly x 3 > or = i.v. x 1.  ZD1694 at the MTD produced 20% complete tumor regression and 20% partial 
tumor regression (PR) with i.v. x 1 and weekly x 3 schedules and 12-day tumor growth delay with daily x 5 schedule 
against FaDu xenografts.  No complete tumor regression was achieved with ZD1694 with any schedule against A253; a 
20% PR, 40% PR, and 10-day tumor growth delay were observed with i.v. x 1, weekly x 3, and daily x 5 schedules, 
respectively.  The data indicate that ZD1694 was slightly more effective against FaDu than against A253.  Of interest 
and potential clinical importance was the observation that ZD1694 was still active at doses lower than the MTD (> or =1/3 
MTD), which showed a high therapeutic index and wide safety margin.  Study of ZD1694 compared with 5-fluorouracil and 
5-fluoro-2'-deoxyuridine at the MTD revealed that the antitumor activity of ZD1694 was comparable with or superior to 
5-fluorouracil and 5-fluoro-2'-deoxyuridine against both A253 and FaDu xenografts, with less toxicity.  High plasma 
thymidine in mouse relative to human (approximately 1.3 microM and <0.1 microM, respectively) may complicate the 
study of antitumor activity and toxicity of TS inhibitors with human tumor xenografts grown in the mouse.
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To evaluate the possible intrathecal use of 5-fluoro-2'-deoxyuridine (FdUrd) for neoplastic meningitis, its antitumor activity 
and neurotoxicity in vivo were assessed.  FdUrd at doses in the range 5-100 microg/animal was effective against 
meningeal carcinomatosis using Walker 256 carcinoma cells in rats and MM46 mammary cancer cells in mice and against 
meningeal gliomatosis using 203 glioma cells in mice.  After four intrathecal injections, FdUrd at these doses also showed 
minimal neurotoxicity in the C57BL/6 mouse brain.  To estimate the mechanism of FdUrd efficacy, thymidine 
phosphorylase (TPase) and thymidine kinase (TK), key enzymes in the metabolism of FdUrd, were measured in rat, 
mouse and normal human brain tissue, and in human brain tumor tissues and cerebrospinal fluid (CSF) from patients with 
malignant brain tumors including meningeal carcinomatosis.  TPase levels were lower in brain and malignant brain tumors 
than in other organs and their tumors.  Moreover, the activity of TPase in the gray matter of human brain, which faces 
the cerebrospinal fluid across the cortical surface and into which malignant cells invade in meningeal carcinomatosis, was 
lower than that in the white matter.  TK was undetectable, and TPase was detected (at very low concentrations) in only 4 
of 56 patients with brain tumors or meningeal carcinomatosis.  These findings indicate that brain tissue and CSF are 
favorable sites for FdUrd chemotherapy because the rate of conversion of FdUrd to 5-FU would be minimal.  In 
conclusion, FdUrd is potentially useful for intrathecal treatment of neoplastic meningitis from primary brain tumors and 
systemic cancer.
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The purpose of this study was to evaluate the usefulness of 22-oxacalcitriol (OCT) in the treatment of estrogen receptor 
(ER)-negative breast cancer.  The antitumor effect of this agent and its effect combined with doxifluridine (5'-DFUR) on 
MDA-MB-231 tumors in female athymic mice were investigated.  We also examined the effect of OCT on the expression 
of vascular endothelial growth factor (VEGF) which had been reported to generate angiogenesis in tumors.  OCT 
significantly suppressed the growth of tumors without inducing hypercalcemia in a dose dependent manner.  The effect of 
OCT combined with 5'-DFUR did not exceed the effect of a single agent therapy.  The expressions of VEGF analyzed by 
enzyme-linked immunosorbent assay were significantly decreased in the OCT-treated group.  These results suggest that 
OCT may partially suppress tumor growth by inhibiting neovascularization and it would likely have positive application as 
a treatment of ER-negative breast cancer.
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Capecitabine (N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine) is a novel fluoropyrimidine carbamate that was 
synthesized for the purpose of finding antitumor drugs with improved safety and efficacy profiles compared with those of 
5-fluorouracil (5-FUra) and doxifluridine (5'-deoxy-5-fluorouridine, 5'-dFUrd).  The present study compared the antitumor 
activities of the compound with those of other fluoropyrimidines in 12 human cancer xenograft models and their 
antimetastatic activities in murine tumor models.  The antitumor efficacy of capecitabine was greater than those of 
5'-dFUrd, UFT (a mixture of tegafur and uracil) and 5-FUra.  Capecitabine was also much safer, particularly much less 
toxic to the intestinal tract, than the other compounds, indicating higher therapeutic indices.  The therapeutic indices of 
capecitabine, 5'-dFUrd and 5-FUra were >40, >20 and 2.0 against the human CXF280 colon cancer xenograft, the most 
sensitive line to the fluoropyrimidines so far tested, and 5.1, 1.5, and <1.5 against the human HCT116 colon cancer 
xenograft with ordinary sensitivity, respectively.  In addition, capecitabine, as well as 5'-dFUrd, selectively suppressed 
the spontaneous metastasis of mouse Lewis lung carcinoma in mice at extremely low doses, 32-64 fold lower than their 
minimum effective dose (MED) against the primary tumor growth.  Capecitabine was even more antimetastatic than 
5'-dFUrd.  These results indicate that capecitabine has high therapeutic potential.
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Capecitabine (N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine) is a novel oral fluoropyrimidine carbamate, which is 
converted to 5-fluorouracil (5-FU) selectively in tumours through a cascade of three enzymes.  The present study 
investigated tissue localisation of the three enzymes in humans, which was helpful for us to design the compound.  
Carboxylesterase was almost exclusively located in the liver and hepatoma, but not in other tumours and normal tissue 
adjacent to the tumours.  Cytidine (Cyd) deaminase was located in high concentrations in the liver and various types of 
solid tumours.  Finally, thymidine phosphorylase (dThdPase) was also more concentrated in various types of tumour 
tissues than in normal tissues.  These unique tissue localisation patterns enabled us to design capecitabine.  Oral 
capecitabine would pass intact through the intestinal tract, but would be converted first by carboxylesterase to 
5'-deoxy-5-fluorocytidine (5'-dFCyd) in the liver, then by Cyd deaminase to 5'-deoxy-5-fluorouridine (5'-dFUrd) in the liver 
and tumour tissues and finally by dThdPase to 5-FU in tumours.  In cultures of human cancer cell lines, the highest level 
of cytotoxicity was shown by 5-FU itself, followed by 5'-dFUrd.  Capecitabine and 5'-dFCyd had weak cytotoxic activity 
only at high concentrations.  The cytotoxicity of the intermediate metabolites 5'-dFCyd and 5'-dFCyd was suppressed by 
inhibitors of Cyd deaminase and dThdPase, respectively, indicating that these metabolites become effective only after 
their conversion to 5-FU.  Capecitabine, which is finally converted to 5-FU by dThdPase in tumours, should be much 
safer and more effective than 5-FU, and this was indeed the case in the HCT116 human colon cancer and the MX-1 
breast cancer xenograft models.
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Efficacy of long-term combination chemotherapy of cyclophosphamide (CPA) and 5'-deoxy-5-fluorouridine (5'-DFUR), 
both of which have been widely used as chemotherapeutics against breast cancer patients, was examined in a mammary 
tumor xenograft model, MX-1. 5'-DFUR suppressed the tumor growth over a long period and prolonged the survival, 
although it did not reduce the initial tumor burden, CPA induced the disappearance of the tumor burden temporarily.  
However, CPA became inaffective despite continuation of treatment, and induced the recurrence of the tumor.  The 
combination of these two drugs dramatically reduced the tumor burden, and suppressed the recurrence of the tumor over 
a long period.  The tumor recurring during CPA monotherapy was resistant to CPA but susceptible to 5'-DFUR, which 
could be a reason for the long-lasting activity of the combination therapy.  These results indicate that CPA and 5'-DFUR 
monotherapies have different modes of antitumor activities in the long-term therapy model, and that these drugs in 
combination would have better therapeutic advantage than each drug given individually.
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Capecitabine (N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine) is a new fluoropyrimidine carbamate, which is converted to 
5-fluorouracil (5-FUra) selectively in tumors through the intermediate metabolite 5'-deoxy-5-fluorouridine (5'-dFUrd, 
doxifluridine). 5'-dFUrd is metabolized to 5-FUra by thymidine phosphorylase (dThdPase) located in high levels in various 
types of solid tumors from patients, whereas 5-FUra generated is catabolized to dihydrofluorouracil by dihydropyrimidine 
dehydrogenase (DPD).  The present study investigated whether the efficacy of capecitabine and its intermediate 
metabolite 5'-dFUrd correlates with levels of these enzymes in various human cancer xenograft models.  Capecitabine 
and 5'-dFUrd were highly effective and inhibited tumor growth by more than 50% in 18 of 24 xenograft lines (75%) and 15 
of 24 xenograft lines (63%), respectively, whereas 5-FUra and a mixture of tegafur and uracil were effective only in 1 of 
24 (4.2%) and 5 of 24 (21%), respectively.  The efficacy of capecitabine correlated with dThdPase activity.  However, 
capecitabine was effective even in tumors with lower levels of dThdPase if DPD levels were also lower.  In contrast, it 
was not as effective even in tumors with sufficient levels of dThdPase if DPD levels were very high.  The efficacy of 
capecitabine consequently correlated very well with and depended on the ratio of these two enzymes in tumors.  These 
results indicate that capecitabine might exert its efficacy through 5-FUra generated in tumor tissues but not through that 
generated in normal organs.  On the other hand, there was no correlation between the efficacy of a mixture of tegafur and 
uracil and these enzyme activities in tumors.  The efficacy of capecitabine would be optimized by selecting patients who 
have tumors with a high ratio of dThdPase to DPD activities.
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Combination chemotherapy with FUra and LV has been reported as a useful treatment for patients suffering from colon 
carcinoma.  Usually, both FUra and LV are administered by intravenous infusion, but not orally.  UFT, an anti-neoplastic 
agent consisting of FT and uracil, is widely used for oral administration in Japan.  Using human tumor xenografts of 10 
cell lines, we evaluated the efficacy of UFT combined with l-LV, which is the active form of LV, by oral administration.  
Combined treatment of UFT with l-LV was more effective than UFT alone on the growth suppression of colon carcinoma 
(KM 20 C, Col-1) and mammary carcinoma (H-31, MX-1).  When 1.85 mg/kg (5.55 mg/m2) of LV was given to tumor 
bearing mice, the antitumor activity of UFT was augmented and at a dose of 5.56 mg/kg (16.7 mg/m2) of LV, it was 
significantly augmented.  Among various 5-FU derivatives, such as UFT, 5'-DFUR or FUra, combined treatment using 
UFT with l-LV was the most effective by oral administration. l-LV did not improve the anti-tumor efficacy or toxicity of 
5'-DFUR. l-LV seemed to augment the anti-tumor activity of FUra, but not significantly.  These results suggest that 
combination chemotherapy of UFT with LV is a promising approach for the clinical treatment of human colon cancer.
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Dipyridamole is known as a potent inhibitor of facilitated diffusion-mediated nucleoside transport as well as a modulator of 
'classical' multidrug resistance.  BIBW22BS, a derivative of dipyridamole, has been found to be 20- to 100-fold more 
potent in the reversal of multidrug resistance when compared to the parent compound.  In parallel, we studied the efficacy 
of BIBW22BS in the modulation of the antiproliferative effects of 5-fluorouracil, methotrexate and gemcitabine in human 
cancer cell lines.  BIBW22BS, at non-toxic concentrations up to 1.0 microM, increased the antiproliferative effects of 
5-fluorouracil 2- to 6-fold in seven of the eight colon cancer cell lines tested in a dose-dependent manner.  The addition of 
1.0 microM BIBW22BS to methotrexate resulted in a slight increase in the antiproliferative effects, but inhibited the 
activity of gemcitabine 30- to 100-fold in various cancer cell lines.  In vitro, no notable difference was found between 
BIBW22BS and dipyridamole in their capacity to modulate the activity of the antimetabolites studied.  BIBW22BS did not 
affect the growth inhibition induced by 5-fluorouracil or gemcitabine in human tumour xenografts grown subcutaneously in 
nude mice.  We confirmed the higher potency of BIBW22BS when compared to dipyridamole in the reversal of drug 
resistance in the Pgp-positive COLO 320 cell line.
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A comparative study of the antitumor activities of 5'-deoxy-5-fluorouridine and its prodrug 
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5'-Deoxy-5-fluorouridine (doxifluridine) is a prodrug of 5-fluorouracil (5FU) selectively activated by tumor cells.  Since in 
clinical studies the side effects of doxifluridine differed after intravenous (i.v.) or oral administration, and oral route was 
the most promising in preclinical studies with murine models, in this study the drug was tested orally against a panel of 
human colorectal tumor xenografts with varying degrees of sensitivity to 5FU.  Doxifluridine efficacy was comparable to 
that of 5FU when it was delivered according to a weekly schedule, but it was statistically higher when it was delivered 
more frequently.  Impressive tumor inhibition (between 90 and 97%) was achieved in 4 out of 5 tumor lines after 
treatments delivered twice a week or daily 5 times a week.  No difference in 5FU activity was observed between weekly 
and biweekly treatments, or between oral and i.v. injections.  Moreover, in one tumor line in which different dosages of 
doxifluridine were investigated, a marked antitumor effect was obtained with a wide range of tolerated doses (4000-8000 
mg/kg).  Overall, these data indicated that doxifluridine is well tolerated when given orally and frequently.  Using an 
adequate schedule, the prodrug has a better therapeutic efficacy against a variety of human colon cancer models than 
5FU.
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Interferon-alpha (IFN-alpha) enhances the activity of the 5-fluorouracil (5-FU) prodrug 5'-deoxy-5-fluorouridine (5'-dFUrd) 
in colorectal cancer cells in vitro by upregulating the enzyme pyrimidine nucleoside phosphorylase (PNPase), which is 
responsible for converting 5'-dFUrd to 5-FU.  We examined whether such enhancement also occurs in vivo using human 
colorectal xenografts in nude mice.  The Co-115 line has high basal levels of PNPase and the enzyme level was 
increased in tumours from mice treated for 3 weeks with 50,000 IU/day (5 days/week) of IFN-alpha A/D.  The prodrug 
5'-dFUrd (200 mg/day, 5 days/week) had a much greater antitumour activity than 5-FU had when it was used at an 
approximately equitoxic dose (20 mg/day, 5 days/week).  However, because of the high activity of 5'/dFUrd as a single 
agent, no enhancement by IFN-alpha A/D was observed.  Studies on xenografts of WiDr cells indicated that this line is 
much less sensitive to 5'-dFUrd.  However, treatment of animals with IFN-alpha A/D at doses of 75,000 IU/day or 
150,000 IU/day resulted in significant inhibition of WiDr tumour growth.  Combination treatment with 75 mg/kg/day or 150 
mg/kg/day of 5'-dFUrd resulted in enhanced antitumour activity, particularly at the higher dose of IFN-alpha A/D.  
Synergy of this drug combination was confirmed by isobologram analysis.  Analysis of PNPase levels in WiDr tumours, 
excised from mice treated with IFN-alpha A/D, demonstrated that the enzyme activity was increased by IFN-alpha in a 
dose-dependent manner.  Slight increases were also seen in normal liver and intestine from the same animals.  Our 
results indicate that modulation of converting enzymes for anticancer prodrugs by cytokines could be a novel therapeutic 
strategy for combination therapy of colorectal cancer.
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5'-Deoxy-5-fluorouridine (5'-DFUR) is believed to be metabolized to 5-fluorouracil (5-FU) by pyrimidine nucleoside 
phosphorylase (PyNPase).  PyNPase activity is reported to be higher in neoplastic tissues than in normal tissues, and 
this has been proposed as an explanation for the selective cytotoxicity of 5'-DFUR against tumors.  In the present study, 
PyNPase activity was measured in 95 neoplastic and normal specimens from human digestive organ tissues.  In 
specimens from the esophagus, stomach, intestine and pancreas, PyNPase activity was higher in neoplastic tissues than 
in normal tissues.  However, PyNPase activity in non-malignant liver tissues, especially cirrhotic liver tissues, was much 
higher than in the normal tissues of the other digestive organs.  PyNPase activity in non-malignant liver tissues was a 
high as in primary liver tumors, and PyNPase activity in metastatic liver tumors was lower than in primary tumors and 
non-malignant cirrhotic tissues.  The in vivo antitumor activities of oral 5'-DFUR and intravenous 5-FU were also 
assessed in 6 human digestive organ cancer xenograft lines transplanted subcutaneously in nude mice, and the 
relationship between the in vivo antitumor effects of 5'-DFUR and PyNPase activity in the tumors was assessed.  
However, there was no statistically significant correlation between them.  Although the in vivo antitumor effect of 
intravenous 5-FU correlated significantly with the in vitro sensitivity of the tumors to 5-FU (assessed by DNA synthesis 
inhibition assay), the in vivo effects of 5'-DFUR did not correlate with the in vitro sensitivity to 5-FU.  It is suggested 
that: (a) the liver may be the major site for metabolizing 5'-DFUR to 5-FU, and (b) measuring PyNPase activity in the 
tumor may not be a useful indicator for chemotherapy with 5'-DFUR.
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5'-Deoxy-5-fluorouridine (5'-DFUR) is one of the oral fluoropyrimidines widely used in the treatment of gastric, colorectal 
and breast cancers in Japan. 5'-DFUR is converted to 5-fluorouracil by pyrimidine nucleoside phosphorylase in the tumor. 
5'-DFUR has toxic effects on the intestine and may cause severe diarrhea.  Trimethoxybenzoyl-5'deoxy-5-fluorocytidine 
(Ro09-1390) is a prodrug of 5'-DFUR, which was developed to reduce the intestinal toxicity of 5'-DFUR.  The present 
study was designed to assess the antitumor activity and spectrum of Ro09-1390, and to compare its efficacy with that 
of 5'-DFUR.  Six digestive organ cancer xenograft lines (two gastric, one esophageal, one colorectal, one gall bladder and 
one bile duct cancers) were s.c. transplanted into nude mice.  The agents were orally administered daily for 14 days at 
doses of 0.08-0.64 mmol/kg (1-8 times the maximal clinical dose of 5'-DFUR).  Both 5'-DFUR and Ro09-1390 
significantly inhibited the growth of two gastric cancer lines, and the IC50's for Ro09-1390 in both lines were lower than 
the respective values for 5'-DFUR.  The esophageal, colorectal, gall bladder and bile duct cancer lines, however, were 
resistant to both agents. 5'-DFUR at 0.64 mmol/kg significantly inhibited the growth of these cancers, but with high 
mortality, and most mice receiving this dose died within 14 days after the start of therapy, suffering from severe 
diarrhea and body weight loss.  Ro09-1390 at the same dose resulted in low mortality, but evidenced similarly low 
antitumor activity.(ABSTRACT TRUNCATED AT 250 WORDS)
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 During the 4-h infusion schedule, di- and triglutamate species in particular accumulated in both tumors with no elevation in 
CH2-H4PteGlu5 until the infusion was discontinued, when this species increased as the shorter chain length forms were 
declining.  However, during the 24-h infusion of [6RS]leucovorin, CH2-H4PteGlu3-5 were elevated in tumors.  Since these 
species have been reported to increase the binding affinity of [6-3H]5-fluorodeoxyuridine monophosphate ([6-3H]FdUMP) 
to thymidylate synthase, and intratumor pools of CH2-H4PteGlun and H4PteGlun were elevated during the 24-h infusion 

[6RS]Leucovorin (5-formyltetrahydrofolate; 5-CHO-H4PteGlu) administered in different regimens in combination with 
5-fluorouracil (FUra) has increased the response rates to FUra in patients with colon adenocarcinoma.  Using preclinical 
models of human colon adenocarcinomas as xenografts in immune-deprived mice, the effect of the rate of administration 
of racemic [6RS]leucovorin on the concentration-time profile of reduced folates in plasma, size of intratumor pools of 
5,10-methylenetetrahydrofolates (CH2-H4PteGlun) and tetrahydrofolates (H4PteGlun), and the distribution of their 
polyglutamate species have been examined.  Bolus injection i.v., or 4-h or 24-h infusion of [6RS]leucovorin (500 mg/m2) 
yielded similar concentration profiles of the biologically active [6S] and inactive [6R] isomers of 5-CHO-H4-PteGlu and 
5-methyltetrahydrofolate (5-CH3-H4PteGlu) in mouse plasma to those previously reported in humans, but with more rapid 
elimination half-lives (t1/2 = 11 to 16 min, 23 to 41 min, and 30 to 35 min, respectively).  Thus, reduced folates remained 
elevated in plasma during the period of [6RS]leucovorin administration.  In HxELC2 and HxGC3 tumors, pools of 
CH2-H4PteGlun and H4PteGlun were increased from 350% to 700% of control, but only during [6RS]leucovorin infusion.  
Intracellular levels subsequently declined rapidly, similar to the loss of reduced folates from plasma.  Increasing the rate 
of [6RS]leucovorin delivery by decreasing the time for administration from a 24-h to a 4-h infusion did not further 
increase the intratumor pools of CH2-H4PteGlun and H4PteGlun, suggesting saturation in the cellular metabolism of 
[6RS]leucovorin.  In HxGC3 tumors, CH2-H4PteGlu4-5 were elevated more rapidly than in line HxELC2, which 
accumulated predominantly a shorter chain length species following i.v. bolus injection.

 
Abstract
 

Relationship between dose rate of [6RS]Leucovorin administration, plasma concentrations of reduced folates, 
and pools of 5,10-methylenetetrahydrofolates and tetrahydrofolates in human colon adenocarcinoma xenografts.     
Houghton J A; Williams L G; de Graaf S S; Cheshire P J; Rodman J H; Maneval D C; Wainer I W; Jadaud P; Houghton P 
J    Department of Biochemical and Clinical Pharmacology, St. Jude Children's Research Hospital, Memphis, Tennessee 
38101      Cancer research  (1990),  50(12),  3493-502.  Journal code: 2984705R.  ISSN:0008-5472.  Journal; Article; 
(JOURNAL ARTICLE); (RESEARCH SUPPORT, NON-U.S. GOV'T); (RESEARCH SUPPORT, U.S. GOV'T, P.H.S.)  
written in English.    PubMed ID 2140289 AN 90254623    MEDLINE (Copyright (C) 2008 U.S. National Library of Medicine 
on SciFinder (R))

 
Bibliographic Information
 
Answer 53:

Fluorinated pyrimidines given orally were examined for their antitumor activity with 11 human cancer xenograft models (4 
bladder, 4 cervical and 3 ovarian cancers).  The drugs were evaluated to be effective when they inhibited tumor growth 
over 58%.  UFT was not effective against all of 11 cancer xenografts tested. 5-Fluorouracil (5-FU) was effective against 
only one bladder cancer xenograft among 6 cancer xenografts tested.  On the other hand, 5'-deoxy-5-fluorouridine 
(5'-DFUR) was effective against one bladder, 3 cervical and one ovarian cancer xenografts.  The Antitumor activity of 
5'-DFUR was correlated with the enzyme activity of pyrimidine nucleoside phosphorylase, which is an essential enzyme 
for phosphorolysis of 5'-DFUR to 5-FU.
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The antiproliferative effects of the fluoropyrimidine derivatives, 5-fluorouracil (5-FU), 1-(2-tetrahydrofuryl)-5-fluorouracil 
(Tegafur), UFT, 1-hexylcarbamoyl-5-fluorouracil (HCFU), and 5'-deoxy-5-fluorouracil (5'DFUR), were investigated in a 4 
day subrenal capsule assay.  The antiproliferative effects against two human tumor xenografts established in athymic 
mice were examined after treatment with three different doses of each anticancer agent, and the adequate dose of each 
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of [6RS]leucovorin, this was considered to be the preferred schedule for administration.(ABSTRACT TRUNCATED AT 400 
WORDS)
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further anabolism of 5-FU catalysed by OPRT may be limiting and explain the differential sensitivity.

Four human head and neck xenograft (HNX) tumour lines grown in nude mice and two murine colon carcinomas (Colon 26 
and 38) were tested for their sensitivity to 5-fluorouracil (5-FU) and its prodrug 5'deoxy-5-fluorouridine (Doxifluridine, 
5'd-FUR). 5-FU sensitivity at the maximum tolerated dose (MTD) showed the following pattern; HNX-DU less than 
HNX-KE = HNX-E = HNX-G less than Colon 26 much less than Colon 38.  The sensitivity pattern to 5'd-FUR was: 
HNX-DU less than HNX-G less than HNX-E less than HNX-KE less than Colon 38 less than Colon 26.  For HNX-KE, 
HNX-E and Colon 26 an increase in therapeutic efficacy was observed with 5'd-FUR as compared to 5-FU; Colon 38 was 
as sensitive to 5'd-FUR as to 5-FU.  Plasma pharmacokinetics of 5'd-FUR and 5-FU were comparable in normal and nude 
mice.  Metabolism of 5-FU and 5'd-FUR was studied in the tumours.  Conversion of 5'd-FUR to 5-FU was highest in 
Colon 26 and 15-20 times lower in HNX-DU, HNX-KE and Colon 38.  The Km for 5'd-FUR in all tumours was 1-2 mM.  
Further anabolism of 5-FU to fluorouridine (FUR) was 5-10 times higher than that of 5-FU to FUR in HNX tumours and 3 
times in the colon tumours. 5-FU conversion to FUMP via FUR had the following pattern: Colon 26 much greater than 
HNX-DU greater than HNX-G greater than HNX-E greater than HNX-KE much greater than Colon 38; of 5-FU to FdUMP 
via FUdR: Colon 26 greater than HNX-DU = HNX-KE greater than HNX-E greater than HNX-G = Colon 38; and that of 
5-FU to FUMP catalysed by orotate phosphoribosyl transferase (OPRT); Colon 26 greater than or equal to Colon 38 
greater than HNX-KE greater than HNX-E = HNX-DU = HNX-G.  Only those tumours with a relatively high activity of 
OPRT were sensitive to 5'd-FUR.  Colon 26, which has a very high rate of pyrimidine nucleoside phosphorylase, showed 
a relatively high increase in the therapeutic efficacy.  It is concluded that a low rate of pyrimidine nucleoside 
phosphorylase is enough to convert 5'd-FUR to 5-FU;
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anticancer agent in this experimental system was estimated as: 473 mg/kg for Tegafur, 433 mg/kg for UFT, 50 mg/kg for 
HCFU and 185 mg/kg for 5'DFUR, respectively.  A comparative study of the antiproliferative effects of fluoropyrimidine 
derivatives was carried out against 7 xenografts.  According to our criteria of positive tumor response, the effective rates 
were: 1 of 7 (14.3 per cent) by 5-FU, 2 of 7 (28.6 per cent) by Tegafur, 2 of 7 (28.6 per cent) by UFT, 1 of 6 (16.7 per 
cent) by HCFU, and 1 of 4 (25.0 per cent) by 5'DFUR, respectively.  Although no statistical differences were 
demonstrated between the agents, the utility of a chemosensitivity test before clinical use was suggested.
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Because of the limited effects of single-agent chemotherapy for solid tumors, combination therapy was employed in an 
attempt to enhance the clinical effects.  Following our former report in which the combination effects of mitomycin C 
(MMC) and 5'-deoxy-5-fluorouridine (5'-DFUR) were clarified, combined applications of 4 drugs, vindesine (VDS), 
methotrexate (MTX), cisplatin (CDDP) and 5'-DFUR against 3 lines of human breast cancer (H-62, H-31, H-71), and one 
line each of gastric cancer (H-55) and colon cancer (H-110) xenografted into nude mice were evaluated in comparison with 
CAF (cyclophosphamide, adriamycin and 5-FU) therapy which is commonly used for breast cancer.  Treatment was 
initiated in groups of 7 mice each when the mean tumor volume of subcutaneous tumors had reached about 100mm3, and 
the therapeutic effect was evaluated in terms of the inhibition rate (I.R.).  A synergistic effect is said to exist when the 
combination therapy is superior to each single drug therapy at the maximal tolerated dose.  Combination therapy with 3 
drugs (VDS, CDDP and 5'-DFUR) or 4 drugs (VDS, CDDP, MTX and 5'-DFUR) achieved an I.R. of over 98%, i.e., a 
marked effect with tumor shrinkage, in 3 lines of tumors (H-55, H-31 and H-62).  Moreover, remarkable effects were 
shown even in the other 2 lines which were insensitive to every single-agent therapy, the I.R. values being 85.7% (H-71) 
and 78.5% (H-110).  A synergistic effect was obtained in 3 of the 5 lines examined.  These combination therapies were 
histologically superior to therapies employing each single-drug therapy or CAF therapy.  The side effects for combination 
of these 3 or 4 drugs evaluated by body weight loss were transient and equivalent to maximal dose of VDS or CDDP.  
Clinically, it is thought that these combined therapies of 3 or 4 drugs will bring about a considerable response in practice.
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 Thus, cyclic delivery of two non-cross-resistant drug combinations with optimal treatment doses and timing prevented 
toxic effects and induced long-term survival without relapse.  Also, this appears to be the first study that has evaluated 
the effects of cancer chemotherapy in a human solid tumor-nude mouse system according to survival rate.

Despite the recent advances made in the development of anticancer drugs, any single chemotherapy treatment has only 
limited effects on cancers of the stomach, colon and breast, so that the combined use of multiple drugs is necessary for 
the treatment of solid tumors.  In our previous studies with human gastrointestinal and breast cancers xenografted into 
nude mice, combination therapy with mitomycin C (MMC) and 5'-deoxy-5-fluorouridine (5'-DFUR) [I] or cisplatin (CDDP), 
vindesine (VDS) and 5'-DFUR [II] produced higher response rates than single-agent therapy with any one of these drugs.  
In the present study, the effectiveness of alternating chemotherapy with the combination regimens I and II was evaluated 
using 3 lines of cancer xenografts with special emphasis on relapse-free survival.  Even in untreated controls, different 
influences of these cancers on the host as well as differences in their growth rates resulted in delayed tumor death in 
breast cancer (H-31) compared with pancreas (H-48) and colon (H-110) cancers.  Four cycles of the regimen I drug 
combination failed to prolong life due to toxic side effects in every cancer line.  In H-48 cancer, although regimen I 
alternated with regimen II achieved an inhibition rate (IR) of 96% with tumor shrinkage, 2 of 7 mice died of toxicity.  In 
H-110 cancer, which is only sensitive to VDS, 4 cycles of regimen II alone produced an IR of 83.5%, which was slightly 
superior to alternating chemotherapy.  In H-31 cancer, which retains considerable sensitivity to CDDP, MMC and 
5'-DFUR, mice treated with alternating chemotherapy starting from regimen I for a total of 5 cycles attained a maximal IR 
of over 99% including disappearance of the tumor in 6 of 7 mice during the treatment course, and at the end of the 
experiment (20th week), all had survived with one in a relapse-free state, compared with the control group which had only 
2 survivors.
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Antitumor therapies using polyamine antimetabolites combined with 
1-(4-amino-2-methyl-5-pyrimidyl)methyl-3(2-chloroethyl)-3-nitrosourea (ACNU) or fluorinated pyrimidines for human 
gastric cancer xenotransplanted into nude mice were studied to determine inhibiting post-therapeutic regrowth of the tumor 
after cessation of antitumor treatments with polyamine antimetabolites alone.  ACNU 20 mg/kg, fluorinated pyrimidine, 
5-FU 52.8 mg/kg and 5'-deoxy-5-fluorouridine (5'-DFUR) 100 mg/kg as well as polyamine antimetabolites, 
alpha-difluoromethylornithine (DFMO) 1000 mg/kg and methylglyoxal-bis-guanylhydrazone (MGBG) 50 mg/kg were given 
intraperitoneally for 5 successive days.  When DFMO and MGBG were combined with ACNU, the post-therapeutic 
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The chemosensitivity of human cancer lines is thought to be expressed as a result of contributions by various interacting 
factors.  Multiple regression analyses were performed in order to clarify the weighting of factors responsible for the 
chemosensitivity of 15 human cancers xenografted into nude mice.  Inhibition rates of 11 anticancer agents 
predetermined for each line of human cancer were used as the criterion variables.  As the explanatory variables, 9 
parameters characteristic of each cancer or cancer-bearing mouse were selected as follows; grade of differentiation, 
vascularity, percentage necrosis, volume doubling time, labeling index, LDH activity, tissue/serum LDH ratio, thymidine 
phosphorylase activity and serum CEA.  By applying this analysis with stepwise deletion, the estimated multiple 
regression equations for drug sensitivity were clarified for each drug.  Although all equations were composed of different 
factors and their partial repression coefficients varied from drug to drug, those among analogous drugs such as FT-207 
and UFT, or MMC and M-83 had similar factors.  The equations for M-83, ACNU and ADR consisted of a number of 
parameters with a sufficiently high coefficient of determination of over 80%.  Even in cases of MXT that showed no 
significant factor upon simple correlation analysis, an equation with 7 factors revealed a coefficient of determination of 
0.83.  The estimated values of effectiveness for these drugs showed remarkable coincidence with each actual value.  For 
some drugs, the in vivo mode of action was inferred through this analysis.
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5'-Deoxy-5-fluorouridine (5'-DFUR) was evaluated for antitumor activity against four murine tumors (L1210 leukemia, 
P388 leukemia, Lewis lung carcinoma, and B16 melanoma) and a human mammary carcinoma (MX-1) xenografted in 
athymic mice.  Intraperitoneal administration of 5'-DFUR was ineffective against B16 melanoma implanted 
intraperitoneally and showed less marked antitumor activity against P388 and L1210 leukemias implanted intraperitoneally 
or intravenously as compared with that of 5-fluorouracil (5-FU) or 1-(2-tetrahydrofuryl)-5-fluorouracil (FT-207), while oral 
administration of 5'-DFUR showed a similar or superior antitumor activity to that of 5-FU or FT-207 against L1210 
leukemia implanted subcutaneously. 5'-DFUR showed a marked antitumor activity against MX-1 implanted 
subcutaneously and also showed slight antitumor activity against Lewis lung carcinoma implanted subcutaneously, while 
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A combined efficacy of the polyamine antimetabolites, alpha-difluoromethylornithine (DFMO) and 
methylglyoxal-bis-guanylhydrazone (MGBG) with two fluorinated pyrimidines was studied.  DFMO, MGBG, 5-FU and 
5'-deoxy-5-fluorouridine (5'-DFUR) were administered intraperitoneally to BALB/c nu/nu mice bearing xenotransplanted 
human gastric cancer for 5 consecutive days.  Similar antitumor efficacies were observed in 3 groups treated with DFMO 
plus MGBG, DFMO, MGBG plus 5-FU as well as DFMO, MGBG plus 5'-DFUR.  The two groups on 5-FU or 5'-DFUR alone 
did not differ in antitumor effects from the control, although reasonable levels of 5-FU were involved in tumor tissues.  
Hepatic and splenic 5-FU levels after 5-FU administration were significantly higher than those after 5'-DFUR, and marked 
decrease in mouse body weight was caused by 5-FU alone as well as 5-FU plus polyamine antimetabolites for 5 
consecutive days.  DNA biosynthesis and spermine levels in the tumor tissues on day 2 after cessation of the 
treatments dropped in 3 groups with DFMO plus MGBG, DFMO, MGBG plus 5'-DFUR as well as DFMO, MGBG plus 5-FU, 
while on day 6 there was little difference between the control and treated groups.  These data suggest that combination 
with 5-FU or 5'-DFUR does not enhance the antitumor activity of polyamine antimetabolites by this experimental regimen.
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regrowth was definitely inhibited, while combined treatments with 5-FU or 5'-DFUR did not inhibit the regrowth.  
Post-therapeutic DNA biosynthesis was suppressed in mice given DFMO, MGBG plus ACNU.  On the contrary, in mice 
treated with DFMO, MGBG plus 5-FU or 5'-DFUR, suppression of DNA biosynthesis was not observed.  Tumor tissue 
spermine levels in the DFMO, MGBG plus 5-FU or 5'-DFUR group remained unchanged, compared to those in the DFMO 
+ MGBG group.  In mice given DFMO, MGBG plus ACNU, however, spermine levels were markedly depressed; and the 
ACNU alone depressed also the tissue spermine levels.  These different results between nitrosourea and fluorinated 
pyrimidines may relate to mechanisms of action of these antitumor drugs.
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As a preclinical secondary screening trial, the efficacy of a new derivative of 5-fluorouracil, 5'-deoxy-5-fluorouridine 
(5'-DFUR), on 15 human cancers xenografted serially to nude mice of BALB/c background was evaluated in comparison 
with two other derivatives, tegafur and UFT.  Oral administration of 123 mg/kg/day of 5'-DFUR, 25-30 times, produced 
effective inhibition in 5 out or 7 gastric cancers, 2 out of 3 colorectal cancers, all 3 of breast cancers and 1 out of 2 
pancreatic cancers, totalling 11 out of 15 cancer lines (73%) examined.  In some cases shrinkage of tumors was noted 
without any noticeable side effects.  Although an increased dose of 185 mg/kg/day of 5'-DFUR resulted in more 
prominent inhibition on all 9 tumors tested, some animals suffered from severe loss of body weight or diarrhea.  
Comparative experiments with of equimolac doses of 5'-DFUR(123 mg/kg) and FT-207(100 mg/kg) showed that the 
inhibition rate of the former was higher than that of the latter in all 8 lines of cancers examined.  Six experiments in 
particular (2 gastric, 1 colorectal, 2 breast and 1 pancreatic cancers), showed that 5'-DFUR statistically sustained more 
effective suppression.  Direct comparisons of 5'-DFUR and UFT were also made in 5 experiments in which 3 cancers 
were more sensitive to the former drug.  Promising results in clinical trials can be expected with the new drug 5'-DFUR for 
these kinds of cancers.
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5-FU and FT-207 did not show any significant antitumor activity against these tumors.  These results suggest that 
5'-DFUR may be worthy of clinical trial against solid tumors, especially cancers of the breast.
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